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This  elite  loblolly  pine  tree  in  Rankin  County,  Mississippi,  had  these  dimensions 
at  68  years:  Diameter  at  breast  height  25  inches,  height  125  feet,  clear  stem 
79  feet,  number  of  16-foot  logs  6,  volume  1150  board  feet.  It  would  make  a 
100-foot  piling.  (By  permission  from  Ed  Hoover,  Forester,  International  Paper 
Company.    The  climber  is  Hoy  Grigsby.) 
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Xhe  loblolly  forests  of  the  South  may  truthfully  be  said  to  be 
that  expansive  region's  greatest  renewable  resource.  The  botanical 
range  of  the  species  extends  in  a  great  crescent  southwestward 
through  fourteen  states,  from  Delaware  to  Texas,  interrupted  only 
by  the  wide  flood  plain  of  the  Mississippi  River.  Trees  of  this  species 
are  found  in  all  manner  of  soils,  sites,  and  situations  from  the  sandy 
reaches  of  the  Coastal  Plain  through  the  fertile  bottom  lands  to  the 
warm,  washed-out  slopes  of  the  Piedmont  Plateau.  They  are  found 
mixed  with  hardwoods,  with  other  pines,  and  in  pure  stands.  All 
of  which  is  to  say  that  the  culture,  protection,  and  management  of 
loblolly  pines  is  not  a  simple  matter  easily  determined  and  responsive 
to  a  few  uniform  rules  of  thumb. 

It  may  be  said  too,  that  because  of  the  almost  universal  presence 
of  this  species  and  the  equally  universal  economic  pressure  for  its 
production,  few  indeed  of  the  many  forest  managers  of  the  South 
are  not  faced,  today,  with  the  complexities  involved  in  its  continued 
growth  and  utilization. 

So  it  is  that  this  new  comprehensive  monograph  by  W.  Gr. 
Wahlenberg  on  loblolly  pine  comes,  as  it  were,  as  a  timely  answer 
to  a  forester's  prayer.  The  book  is  a  worthy  companion  volume  to 
his  monumental  Longleaf  Pine,  published  in  1946. 

In  Loblolly  Pine,  Wahlenberg  puts  into  print  the  results  of  12 
years  of  patient,  painstaking  research  on  the  rich  field  of  reported 
experimentation,  observation,  and  experience  having  to  do  with  all 
phases  of  the  management  of  the  species  from  seedlings  to  saw  logs. 
The  work  is  particularly  valuable  in  that  his  intimate  contact  with 
the  subject  in  the  field  has  allowed  a  degree  of  discrimination  and 
up-to-dateness  in  choice  of  reported  results  not  to  be  expected  of  an 
author  farther  removed  from  the  scene. 

Obviously  the  book  is  designed,  in  the  main,  as  a  reference  book, 
and  a  silvicultural  tool  for  forest  managers.  Although  it  is  scientific 
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in  its  approach  and  technical  throughout,  it  is  expressed  clearly  and 
simply,  with  a  minimum  of  the  jargon  of  the  profession.  It  moves 
fast  and  is  easy  to  read  and  to  understand.  It  can  be  predicted  that 
Wahlenberg's  Loblolly  Pine  will  for  many  years  to  come  be  and  re- 
main a  well-thumbed  reference  book  on  the  shelves  of  foresters-in- 
boots  throughout  the  South,  as  well  as  a  standard  item  in  forest 
school  reading  and  libraries  generally. 

Inman  F.  Eldredge,  Sr. 


AUTHOR'S  PREFACE 


The  leading  commercial  timber  species  in  the  southern  United 
States  is  loblolly  pine  (Pinus  taeda  L.).  This  species  has  even  been 
referred  to  as  the  second  most  important  timber  species  in  the  world. 
Loblolly  pine  clearly  merits  monographic  treatment  on  the  basis  of 
its  wide  range  over  the  South,  its  prominent  place  in  southern  for- 
estry, and  the  mass  of  new  information  about  it  added  in  the  past  10 
years.  Each  year  now  more  researchers  are  learning  to  understand 
its  peculiarities,  more  managers  are  gaining  experience  in  handling 
it  skillfully,  and  more  landowners  are  recognizing  its  culture  as  a 
sound  business  proposition.  Because  of  these  promising  develop- 
ments, loblolly  pine  was  chosen  and  accepted  as  the  subject  of  this 
monograph.  As  W.  W.  Ashe  said  many  years  ago:  "Loblolly  pine 
combines  all  the  essentials  for  an  ideal  forest-management  tree." 

Only  in  recent  years,  however,  has  forest  management  begun  to 
take  its  place  throughout  the  South.  Widespread  failure  to  apply 
accumulated  silvical  knowledge  resulted  in  extensive  forest  deteriora- 
tion. 

A  prominent  European  forester,  G.  L.  Hartig,  once  admonished 
his  colleagues  that  "each  compartment  must  be  kept  in  such  con- 
dition that  it  cannot,  before  seeding  takes  place,  grow  up  to  grass 
and  weeds."  Inferior  species  of  trees  were,  of  course,  regarded  as 
weeds.  Southeastern  United  States  today  shows  scant  evidence  that 
this  bit  of  wisdom  had  been  heeded.  Why  not  ?  As  economist  Henry 
George  remarked,  "Until  there  is  correct  thought  there  can  not  be 
correct  action."  And  correct  thought  is  based  on  information.  In- 
correct thought,  however,  stems  less  from  the  scarcity  of  information 
than  from  its  relative  inaccessibility.  Therein  lies  the  real  need  for 
assembling  in  one  place  all  the  essential  information  about  a  tree 
species. 

Nor  has  there  been  any  disagreement  on  the  obvious  need  to 
gather  widely  dispersed  information  on  loblolly  pine.    How  best  to 
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fulfill  this  need  was  another  matter.  Nearly  everyone  wanted  a 
book,  but  hardly  anyone  relished  an  assignment  to  produce  the  kind 
we  desired.  It  had  been  my  hope  that  someone  else  would  take  on 
the  job.  In  the  absence  of  any  volunteers  I  agreed  to  attempt  it.  I 
have  found  the  task  appealing  and  challenging,  but  formidable  and 
not  without  frustrations. 

Two  concepts  of  a  species  monograph  were  abandoned  early  a& 
both  unworkable  and  undesirable.  The  first  called  for  the  production 
of  a  book  composed  largely  of  general  principles  with  little  or  no 
supporting  evidence.  This  concept  proved  impractical  because  in- 
sufficient general  principles  have  been  formulated  or  accepted  to 
make  a  book.  And  to  attempt  a  book  without  including  quantitative 
facts  and  supporting  local  experience  would  scarcely  be  a  worthy 
goal. 

The  second  concept  would  have  confined  this  treatise  to  those 
things  which  are  peculiar  to  loblolly  pine.  This  could  not  be  done 
because  so  many  things  that  the  species  has  in  common  with  the 
other  yellow  pines  of  the  South  are  of  prime  importance  to  forest 
managers.  To  leave  these  out  would  result  in  a  disappointingly 
brief  and  fragmentary  treatment  of  loblolly  pine  forestry. 

The  present  collation  involved  four  main  phases  as  follows:  (1) 
to  collect  scattered  information  based  on  research  or  practice  and 
to  summarize  the  facts  assembled;  (2)  to  correlate,  sort,  and  or- 
ganize them  systematically;  (3)  to  evaluate,  interpret,  illustrate, 
and  report  them  clearly;  and  (4)  to  publish  a  comprehensive  treatise 
for  use  by  timber  growers,  foresters,  researchers,  and  educators. 

In  recent  years  the  first  monograph  of  a  tree  species  compre- 
hensive enough  to  have  been  based  on  review  of  nearly  all  pertinent 
forestry  literature  to  date  was  Longleaf  Pine,  published  by  the 
Charles  Lathrop  Pack  Forestry  Foundation  in  January  1946.  This 
is  the  second.  Of  the  reams  of  printed  experiences  with  loblolly 
pine — popular  leaflets,  brochures,  articles  in  trade  and  technical 
journals,  scientific  notes,  and  bulletins — only  a  small  part  can  be 
found  outside  the  largest  libraries.  A  good  start  was  made  in  lo- 
cating source  materials  on  loblolly  pine  when,  in  1949,  Dorman  and 
Sims  issued  their  bibliography  of  about  650  titles.  Listed,  in  11 
subject-matter  sections,  were  papers  by  330  authors  contributing  to 
our  knowledge  of  loblolly  pine  forestry  between  1890  and  1949.  This 
second  review  of  the  literature  on  southern  pine  has  covered  nearly 
1,500  articles  concerned  with  loblolly  pine. 

More  material  was  published  between  1950  and  June  1959,  the 
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cutoff  date  for  literature  to  be  listed  in  the  bibliography,  than  in 
the  previous  60  years.  It  has  been  difficult  to  keep  abreast  of  this 
continuing  stream  of  new  contributions  to  forest  knowledge  in  recent 
years,  and  to  prevent  a  monograph  from  becoming  too  badly  out  of 
date  during  the  extended  period  needed  to  compile  it. 

Positive  answers  to  many  vitally  important  silvicultural  ques- 
tions are  not  yet  possible.  Numerous  methods  of  management,  now 
being  suggested  as  practical  measures,  need  further  testing  in  differ- 
ent localities.  Within  this  profusion  of  existing  information  it  is 
often  difficult  and  time  consuming  to  locate  the  solid  and  pertinent 
facts  that  are  needed  to  resolve  many  local  problems.  Inaccessibility 
of  essential  information  continues  to  retard  the  application  of  effec- 
tive forest  management. 

In  my  present  endeavor  to  crystallize  all  pertinent  information 
the  most  baffling  features  were  the  following  five:  (1)  abundant 
repetitious  versions  in  the  literature  due  to  multiple  reporting  of 
useful  findings,  (2)  almost  universal  verbosity  and  circumlocution 
found  in  college  theses,  (3)  lack  of  segregation  of  species  in  much 
of  the  data  for  southern  yellow  pines,  (4)  relative  inaccessibilty  of 
recent  technical  advances  made  through  private  industrial  research, 
and  (5)  situations  in  which  many  current  problems  obviously  re- 
main unresolved. 

In  spite  of  these  features  and  my  own  limitations,  I  have  never- 
theless enjoyed  the  job.  We  hope  the  present  monograph  will  serve 
us  now  as  well  as  the  one  by  Ashe  in  1915  served  those  before  us. 
Kalph  Waldo  Emerson  said:  "That  book  is  good  which  puts  me  in 
a  working  mood."  This  one  did  for  me;  would  that  it  may  do  so 
for  others. 

Let  me  close  with  just  one  more  quotation — an  old  German 
saying:  "The  forest  is  a  blessing  of  God's  creation;  to  be  a  servant 
of  the  forest  is  a  fine  vocation." 

Asheville,  N.  C. 
March  1960 
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Chapter  1 


Introduction 


-LioBLOLLY  pixe  [Pinus  tarda  L.  stands  high  among  the  natural 
resources  of  the  South.  For  half  a  century  southern  yellow  pine  has 
proYided  an  average  harvest  of  some  10  billion  board  feet  a  year ;  at 
least  half  of  this  has  been  loblolly  pine.  Today  the  growing  stock 
volume  of  this  species  stands  at  nearly  90  billion  board  feet,  and 
the  lands  suitable  for  growing  it  promise  a  much  greater  volume. 
Foresters,  land  managers,  landowners,  industrialists,  and  many 
others  have  seen  the  benefits  loblolly  pine  has  already  provided  and 
they  are  becoming  increasingly  aware  of  the  innumerable  possi- 
bilities the  future  holds.  But  these  men  face  many  problems  involving 
resource  maintenance  and  renewal,  competition  for  growing  space 
and  markets,  protection,  management  practices,  and  a  multiplicity 
of  uses.  The  characteristics  of  loblolly  pine,  its  habitat,  its  needs  and 
limitations,  its  treatment  from  seed  to  maturity — of  these  much  is 
known  that  can  help  solve  such  problems. 

A  PROBLEM  OF  RESOURCE  MAINTENANCE 

Until  the  19th  century  the  natural  loblolly  pine  forest  of  the 
southern  United  States  was  but  little  influenced  by  men.  Since  then 
it  has  been  modified  decidedly,  if  inadvertently.*  by  the  expanding 
civilization.  Now  that  the  migratory  rash  0f  lumbermen  from  one 
region  of  virgin  timber  to  another  is  ended,  the  temptation  to  "cut 
out  and  get  out"  is  past.  From  the  reversal  of  our  traditional  prac- 
tice of  forest  land  exploitation  new  problems  and  opportunities  have 
emerged.  The  future  of  the  loblolly  pine  forest  will  depend  on  how 
weU  existing  and  newly  acquired  knowledge  of  natural  laws  govern- 
ing its  growth  and  renewal  can  be  utilized.  Although  this  forest 
is  still  being  depleted  in  many  places,  the  overall  trend  toward  bet- 
ter forestry  has  turned  decidedly  upward.  The  loblolly  pine  forest 
(fig.  1)  continues  to  supply  essential  raw  materials  abundantly  at 
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Figure  1. — Botanical  range  of  loblolly  pine. 

reasonable  cost,  and  it  remains  the  greatest  renewable  resource  in 
the  Sonth. 

Renewal  of  the  loblolly  pine  forest  type  is  a  challenge  foresters 
expect  to  meet.  Here  is  what  one  eminent  Southern  forester  says  on 
that  point.  "Forestry  with  us  is  certain  to  grow  and  prosper,  be- 
cause at  last  it  has  joined  a  cause  greater  than  itself  and  nearer  to 
the  human  heart — the  liberation  of  millions  from  the  tyranny  of 
poor-land  farming,  and  the  launching  of  a  new  South,  proud  of  the 
strength  it  will  add  to  our  nation"  (Eldredge  1947).  Wise  utiliza- 
tion of  the  renewed  forest  is  a  related  challenge,  involving  the 
stabilization  of  wood-using  industries  and  forest  communities  by 
balancing  the  cut  with  the  growth  of  loblolly  pine. 

The  underlying  problem  of  renewal  is  ecological,  in  that  the  nat- 
ural laws  of  plant  succession  generally  militate  against  success  with 
pine,  the  pine  type  being  but  a  temporary  stage  in  a  long-term 
progression  favoring  certain  hardwood  species.    The  better  hardwood 
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trees  can  be  sold,  but  any  surplus  of  poor  trees  should  be  destroyed. 
Because  they  lack  the  technical  qualities  that  make  up  feasible  raw 
materials  for  most  mass-demand  products,  full  utilization  of  most  of 
these  hardwoods  is  nowhere  in  sight.  In  the  manufacturing  process 
lumber  produced  per  unit  of  time  spent  is  30  to  40  percent  greater 
for  pine  than  for  hardwood. 

There  is  a  tremendous  volume  of  cellulose  contained  in  little- 
used,  hard-textured,  broad-leaved  forest  trees  within  the  loblolly 
pine  belt.  These  hardwoods  need  not.  cannot,  and  should  not  be 
eradicated  completely  by  those  who  grow  loblolly  pine,  but  their 
natural  tendency  to  usurp  growing  space  on  pine  lands  must  be 
curbed.1 

COMPETITION  BY  OTHER  REGIONS 
AND  FROM  OTHER  CROPS 

Opportunities  to  invest  capital  to  grow  loblolly  pine  saw  logs  and 
timbers,  and  to  dispose  of  these  structural  materials  in  nationwide 
markets,  meet  with  about  as  much  competition  from  Douglas-fir  out 
of  the  Northwest  as  they  do  from  other  softwood  species  within  the 
loblolly  pine  range. 

A  valid  comparison  of  rates  of  growth  has  been  made  between 
loblolly  pine  and  Douglas-fir  based  on  the  yields  from  each  when 
grown  on  sites  of  average  quality  in  its  own  region  |  AYorthington 
1954).  Loblolly  pine,  for  example,  reaches  85  feet  at  50  years  and 
Douglas-fir  140  feet  at  100  years.  Greater  average  increment  and 
yield  accrue  from  the  fir,  but  earlier  returns  and  more  clear  lumber 
from  the  pine.  Natural  pruning  of  loblolly  pine  is  rapid,  resulting 
in  one-quarter  of  the  wood  being  knot-free  by  50  years.  For  the 
first  25  or  30  years  loblolly  pine  grows  faster  in  both  diameter  and 
height.2 

In  the  loblolly  pine  belt,  cotton  has  long  been  "king"  of  cellulose 
production  on  agricultural  land,  but  the  pine  can  excel  on  the  forest 
land.  Cellulose  from  cotton  can  be  processed  in  manufacturing 
plants  more  economically  than  cellulose  from  pine,  but  the  latter 

1  The  ramifications  of  this  problem  of  regenerating  the  pine  adequately  are 
such  that  they  were  topics  discussed  in  at  least  200  of  the  basic  papers  and  had 
to  be  treated  in  half  of  the  chapters  in  this  book. 

2  It  averages  2  inches  larger  than  Douglas-fir  at  25  years,  1  inch  larger  at 
55  years,  and  is  equal  at  75  years;  the  fir  excels  later.  The  peaks  in  mean  annual 
increments  indicate  rotations  of  35  years  for  pine  and  70  years  for  Douglas-fir 
in  producing  pulpwood.  Firs  produce  more  logs  per  tree  and  more  trees  per 
acre— twice  as  many  at  100  years— at  which  time  the  yield  in  board  feet  may 
exceed  loblolly  pine  by  40  percent. 
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can  be  grown  at  less  cost,  particularly  on  old  fields  that  have  lost 
over  half  their  topsoil  from  erosion  (Hostetter  1943).  A  cord  of 
pine  wood  contains  about  1,000  pounds  of  cellulose.  On  average 
sites  loblolly  pine  yields  from  600  to  700  pounds  of  cellulose  per 
acre  annually,  which  is  4  or  5  times  the  usual  yield  from  cotton 
(Bull  1939a,  Reynolds  1948b).  If  any  forest  tree  species  can  depose 
"King  cotton"  in  plantations  to  produce  cellulose,  loblolly  pine  is 
a  promising  candidate. 

Loblolly  pine  is  the  leading  forest  tree  species  to  be  managed  for 
successive  timber  crops  in  the  South  for  four  principal  reasons:  (1) 
effective  natural  or  easy  artificial  regeneration  on  extensive  areas, 
(2)  rapid  growth  on  a  wide  range  of  sites,  (3)  ease  of  handling 
products  in  forest  and  mill,  and  (4)  steady  demand  and  rising  prices 
for  a  variety  of  commodities  made  from  its  wood. 

Among  other  tree  species  in  the  South  loblolly  pine  competes 
well.  Except  on  true  bottom  lands  within  the  pine  belt  hardwoods 
yield  less  than  loblolly  pine.  Elsewhere  on  deep  moist  soil,  and 
under  proper  management,  loblolly  pine  and  yellow-poplar  (Lirio- 
dendron  tulipifera)  make  comparable  development.  On  medium  and 
shallow  soils  the  loblolly  pine  is  superior  in  diameter  growth  and 
merchantable  height  (Hocker  1953).  On  well-drained  upland  sites 
in  central  Louisiana  loblolly  pine  outgrows  its  southern  yellow  pine 
associates  (slash,  longleaf,  and  shortleaf)  in  mixed  species  planta- 
tions (Mann  1953a). 

FOREST  HISTORY 

Southern  pines  are  the  base  for  the  oldest  industry  in  America. 
The  first  hand-operated  pit  type  of  sawmill  in  the  colonies  was  set 
up  at  Jamestown,  Virginia,  in  1608. 3  The  colonists  soon  harnessed 
their  waterpower  to  mills  of  the  sash-saw  type,  each  cutting  about 
500  board  feet  per  day.  Such  mills  continued  to  operate  throughout 
the  18th  century.  The  first  of  many  steam  mills  was  established 
at  Wilmington,  North  Carolina,  about  1818,  but  steam  was  not  in 
common  use  until  the  time  of  the  war  between  the  states. 

The  early  lumber  business  in  the  South  was  dominated  by  long- 
leaf  pine,  primarily  for  export,  and  was  concentrated  on  the  coast 
or  near  river  transportation.  The  exhaustion  of  white  pine  in  the 
Northeast  sent  lumbermen  from  that  section  to  the  Midwest  and 

3  The  first  description  of  loblolly  pine  was  published  by  Plukenet  in  1696. 
This  species  was  introduced  into  Europe  before  1713  by  Bishop  Compton,  and 
specimens  have  grown  to  large  size  in  European  collections  (Sargent  1897). 
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South.  But  the  supply  of  longleaf  pine  began  to  run  low,  first  in 
the  Carolinas  about  1860  and  later  in  the  deep  South  in  the  early 
nineteen  hundreds. 

This  depletion  brought  loblolly  pine — first  marketed  in  the  Caro- 
linas because  of  freight  advantages — into  prominence  in  the  lumber 
trade.  Old  growth  of  this  species,  together  with  shortleaf  pine,  then 
became  the  mainstay  of  the  industry.  Of  some  437  million  board 
feet  of  pine  cut  in  North  Carolina  in  1893  nearly  two-thirds  was 
loblolly  pine.  In  the  Carolinas  old-growth  stumpage  of  this  species 
was  available  at  50  cents  per  M  board  feet,  and  the  land  with  1,500 
to  4,000  board  feet  could  be  purchased  for  $1  to  $4  an  acre  (Spring 
1902,  Silcox  1904).  In  Arkansas  loblolly  pine  stands  varied  from 
5  to  15  M  board  feet,  averaging  7  M  per  acre.  In  spite  of  the  ad- 
vantages of  cheap  land,  rapid  growth,  and  low  taxes — one  cent  per 
acre — forestry  was  not  then  attractive  (Ames  1906). 

An  economy  of  abundance  still  prevailed  for  this  timber  during 
the  first  decade  of  the  present  century.  The  South  held  the  lead  in 
lumber  production  from  1900  to  1925,  and  when  the  peak  was  reached 
in  1909,  the  South  was  producing  about  45  percent  of  the  total.  In 
1910  loblolly  pine,  occurring  over  an  area  of  some  200,000  square 
miles,  occupied  75  percent  of  the  area.  Of  this  loblolly  pine  forest, 
10  to  13  percent,  or  15,000  to  19,500  square  miles,  was  then  estimated 
to  be  second-growth  of  natural  or  old-field  origin   (Ashe  1910). 

Harvest  operations,  sweeping  southwestward  from  the  Atlantic 
seaboard,  still  left  about  15  billion  board  feet  in  mature  loblolly  pine 
on  some  5  million  acres  in  North  Carolina  (Ashe  1915).  And  10 
years  after  the  peak  of  production,  about  23  million  acres  of  old- 
growth  southern  pine  and  60  million  of  new  growth  supported  260 
billion  board  feet  (Forbes  1923). 

The  progressive  shift  by  the  lumber  industry  to  the  use  of  second 
growth,  much  of  it  loblolly  pine,  brought  significant  change.  Liqui- 
dation of  promising  young  growth  gave  way  in  many  locations  to 
plans  to  conserve  remaining  supplies  and  grow  more  of  the  same. 
This  stabilizing  transformation  of  policy  was  evident  among  many 
of  the  more  strongly  financed  firms,  and  among  those  smaller  mills 
that  were  affiliated  with  them.  The  development  of  roads  and  the 
widespread  use  of  trucks,  however,  also  brought  in  many  more  in- 
dependent small  mills,  semiportable  plants  handling  the  smaller  logs 
from  scattered  tracts  with  low  volumes  per  acre.  The  small  portable 
mill  remains  popular  because  its  operation  is  flexible,  no  land  need 
be  owned,  stumpage  can  be  purchased  in  small  amounts,  there  are 
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no  costly  overhead  expenses  and  no  fixed  responsibilities  toward 
labor.  Useful  as  these  mills  have  been  to  many  rural  communities, 
they  nevertheless  became  the  " problem  children"  of  the  lumber 
industry.4 

Today  the  South  has  more  than  40  million  acres  of  commercial 
forest  land  poorly  "stocked  as  a  result  of  past  misuse.  Much  of 
this  land  will  grow  loblolly  pine.  On  the  plus  side,  though,  more 
than  50  million  acres  are  owned  by  forest  industries  or  are  in  public 
ownership,  and  most  of  this  area  is  under  some  form  of  management. 
And  too,  nearly  one-third  of  the  Nation's  annual  sawtimber  growth 
is  in  southern  yellow  pine,  including  billions  of  board  feet  from 
second  (or  third)  growth  loblolly  pine. 

RESOURCES 

The  softwoods  of  the  United  States  cover  some  234  million  acres 
in  various  types  of  forest.  About  a  third  of  this  area  is  in  the  South 
which  has  had  the  distinction  of  remaining  a  continuous  major 
source  of  softwood  lumber  longer  than  has  any  other  timber  grow- 
ing region.  More  pine  lumber  was  manufactured  in  the  South  in 
the  first  half  of  the  20th  century  during  each  year  (except  1931) 
than  in  any  other  producing  section  of  the  country. 

Much  of  that  lumber  came  from  loblolly  pine  that  developed 
without  benefit  of  forestry  or  any  artificial  aids,  except  some  pro- 
tection from  fire  in  a  few  states.  Loblolly  pine,  therefore,  should 
be  able  to  maintain  its  position.  If  the  demand  for  pulpwood  is  not 
overwhelming,  the  species  could  even  improve  its  position  through 
the  application  of  silvicuture. 

"Within  the  14  states  where  loblolly  pine  grows  naturally,  this 
species  occurs  most  abundantly  in  the  loblolly-shortleaf  pine  type. 
This  type  occupies  about  53  million  acres  or  27  percent  of  the  com- 
mercial forest  land,  the  coverage  (fig.  5,  p.  20)  varying  from  only 
3  percent  in  Florida  to  48  percent  in  South  Carolina  (table  1). 
Roughly  two-thirds  of  the  pine  volume  in  this  type  and  about  half  of 
the  yellow  pine  in  the  South  is  loblolly  pine. 

Within  the  20  million  acres  of  oak-pine  type  in  the  South,  loblolly 
pine  can  be  increased  under  management,  and  some  of  that  area 

4  The  chief  offenders  were  to  be  found  among  mills  cutting  less  than  5  mil- 
lion board  feet  annually,  or  1,000  board  feet  per  day  per  worker.  Many  of  these 
do  business  intermittently  on  a  ' '  shoe-string ' '  basis,  using  unskilled  labor  to 
harvest  timber  in  ' 1  fly-by-night ' 5  enterprises  that  are  seldom  in  any  way  re- 
lated to  the  capacity  of  pine  lands  to  sustain  yields.  These  situations  are 
unfortunate — and  we  hope  temporary. 
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Table  1. — Prevalence  of  the  principal  type  of  forest  in  which  loblolly  pine 
was  found  in  surveys  from  1947  to  19571 


State 


Alabama.  . 
Arkansas.  . 
Delaware . . 

Florida  

Georgia.  .  . 
Louisiana . 
Maryland . 
Mississippi 


Commercial 
forest  land 


Acres 
20,756,200 
19,292,000 
391,100 
21,451,100 
23,969,100 
16,038,000 
2,897,000 
17,193,600 


Portion  in- 
cluded in  the 
loblolly -short- 
leaf  pine  type 


Percent 
38.6 
30.5 
37.8 
3.1 
29.1 
25.0 
13.9 
26.7 


State 


N.  Carolina. . . 
S.  Carolina .  .  . 
Oklahoma 
Tennessee 

Texas  

Virginia   

All  14  states .  . 


Commercial 
forest  land 


Acres 
19,341,400 
11,899,500 
5,632,000 
12,300,700 
12,171,900 
15,449,900 


Portion  in- 
cluded in  the 
loblolly -short- 
leaf  pine  type 


Percent 
27.3 
48.0 
18.9 
17.7 
43.8 
18.9 


198,783,500  26.7 


1  Forest  Service,  U.S.D.A.,  survey  data. 

may  be  converted  into  pine  forest.  When  some  29  million  acres  of 
idle  pine  lands  are  reforested,  as  much  as  two-thirds  of  them  could 
be  planted  with  loblolly  pine,  although  if  present  trends  in  planting 
continue,  only  one  third  (about  10  million  acres)  may  be  restored 
to  loblolly  pine. 

It  is  commonly  necessary,  and  wholly  feasible,  to  manage  loblolly 
pine  along  with  its  associate  shortleaf  pine.  In  timber  volume  these 
two  species  together  were  far  in  the  lead  in  1953  with  nearly  131 
billion  board  feet  of  sawtimber  in  the  South  (table  2).  At  the  same 
time  the  total  commercial  volume  of  growing  stock  in  loblolly  pine 
alone  was  estimated  at  nearly  22  billion  cubic  feet.  The  saw-log 
portion  of  this  volume  amounted  to  about  89  billion  board  feet 
(table  3),  about  half  of  it  in  trees  of  medium  size.  Approximations 
of  annual  growth  rates  vary  from  5  percent  in  large  timber  to  8 
percent  in  pole-sized  trees,  averaging  possibly  6  percent  in  the 
Southeast.5 

The  harvests  of  southern  yellow  pine  for  lumber  have  averaged 
nearly  10  billion  board  feet  a  year  for  about  a  century  (Lotti  and 
McCulley  1951).  Although  the  per  capita  use  of  lumber  continues 
to  decrease,  total  consumption  is  increasing.  The  value  of  many 
trees  has  increased  several  fold  while  the  wood-using  industries  have 
grown  into  a  5-billion-dollar-a-year  business  in  the  South  since 
World  War  II.  Lumber  is  no  longer  the  principal  commodity ;  parts 
of  many  stands  and  certain  trees  make  pulp  for  paper.  Multiple- 
product  harvests  are  increasing  and  now  permit  utilization  of  72 

5  Survey  data  reported  in  Southeastern  Forest  Experiment  Station  Notes  2, 
3,  6,  and  7  (1952).  Estimates  of  how  natural  increases  offset  commercial  drain 
are  beyond  the  scope  of  this  report. 
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Table  2. — Timber  stocks  of  the  two  principal  species  of  southern  yellow  pine 
in  the  range  of  loblolly  pine,  and  the  proportion  of  loblolly  pine,  1947 
to  19571 


Sawtimber 


Shortleaf  and  Portion  that     volume  in     Portion  that 
loblolly  pine     is  loblolly     shortleaf  and     is  loblolly       Period  of 


State 

growing  stock 

pine 

loblolly  pines 

pine 

estimate 

M.  cu.  ft. 

Percent 

M.  bd.  ft. 

Percent 

Years 

Alabama  

3,912,200 

67 

15,296,500 

74 

1951-53 

Arkansas  

4,136,600 

39 

16,977,800 

45 

1953 

Delaware  

226,200 

74 

536,600 

80 

1957 

Florida  

323,700 

88 

1,301,500 

90 

1949 

Georgia  

3,344,000 

66 

9,531,800 

71 

1951-53 

Louisiana  

3,327,000 

77 

15,883,100 

78 

1953-54 

Maryland  

612,000 

75 

1,239,000 

85 

1953 

Mississippi  

2,449,400 

62 

9,959,600 

67 

1956-57 

North  Carolina 

5,460,100 

67 

18,811,100 

75 

1955 

South  Carolina.  .  . 

3,374,600 

72 

12,497,600 

79 

1947 

Oklahoma  

492,700 

4 

1,992,700 

5 

1955-56 

Tennessee  

373,300 

4 

1,065,800 

3 

1953 

Texas  

3,774,200 

63 

16,374,700 

67 

1953-55 

Virginia  

2,931,900 

64 

9,259,600 

71 

1957 

Total  

34,737,900 

63 

130,727,400 

68 

1947-57 

1  Forest  Service,  U.S.D.A.,  survey  data.  All  pines  5  inches  in  d.b.h.  and  larger  are  included  in  the  cubic  volume 
estimates,  whereas  only  pines  9  inches  and  larger  are  counted  as  sawtimber. 


Table  3. — Growing  stock  and  saw-log  volume1  of  loblolly  pine  and  the  dis- 
tribution of  sawtimber  in  three  diameter  groups,  by  states,  1947  to  1957 


Proportion  of  sawtimber 
when  d.b.h.  in  inches  is — 
State  Growing  stock     Saw-log   ■ 


volume 

volume 

10-12 

14-18 

20+ 

Thousand 

Million 

cubic  feet 

board  feet 

Percent 

Percent 

Percent 

North  Carolina . . . 

3,643,800 

14,112 

40 

47 

13 

Alabama  

2,605,900 

11,307 

40 

44 

16 

Louisiana  

2,561,800 

12,443 

30 

52 

18 

South  Carolina 

2,417,239 

9,917 

31 

46 

23 

Texas  

2,375,100 

10,926 

34 

49 

17 

Georgia  

2,202,900 

6,781 

48 

41 

11 

Virginia  

1,867,800 

6,611 

47 

44 

9 

Arkansas2  

1,633,900 

7,623 

35 

49 

16 

Mississippi3  

1,514,300 

6,680 

32 

49 

19 

Maryland  

449,000 

1,116 

48 

44 

8 

Florida  

286,200 

1,168 

37 

50 

13 

Delaware  

178,000 

459 

50 

37 

13 

Oklahoma  

20,300 

108 

20 

70 

10 

Tennessee2  

16,000 

32 

61 

27 

12 

Total  

21,772,239 

89,283 

37 

47 

16 

1  The  saw-log  volume  is  a  part  of— not  in  addition  to— the  growing  stock  volume.  The  table  includes  volumes 
found  in  the  Texas  "Pine  Fringe"  area;  in  addition  there  are  possibly  100  million  board  feet  or  20,000  M  cubic  feet  of 
loblolly  pine  growing  stock  scattered  in  the  so-called  "lost  pines"  area  of  Texas. 

2  Data  from  Timber  Resource  Review  work  sheets. 

3  Data  from  third  survey  report  tabulations. 
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percent  of  the  volume  cut.  Sometimes  nearly  half  of  the  saw-log- 
size  trees  cut  are  used  wholly  for  some  purpose  other  than  lumber 
(McCormack  1952).  Volume  increase  of  high-grade  saw  logs  tends 
to  exceed  commercial  drain  only  in  regions  where  silviculture  is 
a  prevailing  practice. 

With  adequate  supply,  active  demand,  and  rising  prices  for 
loblolly  pine  wood,  there  is  a  vigorous  trade  in  the  products  of  this 
species.  The  improved  markets  for  relatively  small  pines  made  into 
posts,  poles,  and  pulpwood  have  become  extensive  within,  and  ad- 
jacent to,  the  loblolly  pine  belt  (figs.  2  and  3).  More  than  half  of 
all  the  pulpwood  produced  in  the  United  States  is  made  at  about  75 
southern  mills  having  a  total  capacity  of  over  44,000  tons  per  day. 

The  pulp  and  paper  industry,  through  rapid  technical  develop- 
ment and  lowered  costs,  has  made  tremendous  progress.  Annual 


7 


7 


V  y 


•  SULPHATE         X  SODA 

O  SULPHITE  A  SEMI- CHEMICAL 

H  GR0UNDW00D    ▲  MISCELLANEOUS 


DAILY    CAPACITY  (TONS) 
INDICATED   BY   SIZE   OF  SYMBOLS 

O  O  o  o  o 

2000      1,500     1,000      500  200- 


Figure  2.— Size  and  location  of  mills  and  the  principal  types  of  woodpulp  pro- 
duced in  1958  in  southeastern  United  States  (based  on  Lockwood's  1958 
directory  of  the  paper  and  allied  trades  and  other  sources). 
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Figure  3. — Type   and   location   of  wood-preserving  plants  in  eastern  United 
States. 

per  capita  consumption  of  paper  is  over  400  pounds.  With  a 
chance  to  cut  costs  in  half  northern  capital  was  induced  to  move  in- 
to the  South  (Calder  1946).  There  between  1939  and  1952  pulpwood 
production  increased  steadily  at  an  average  annual  compound  rate 
of  8.5  percent  (Worrell  1955a).  By  1953  production  was  double  what 
it  had  been  7  years  earlier  (Moon  1956).  Over  15  million  cords  of 
pine  pulpwood  were  harvested  in  the  South  in  1955 — nearly  half 
of  it  in  Georgia,  Florida,  and  Alabama  (Jeffords  1956).  Millions 
of  dollars  have  been  invested  in  new  manufacturing  plants.   As  a 
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Figure  4. — The  trend  of  utilization  of  round  wood  for  pulp  in  the  South;  by 
1957  the  amounts  shown  here  were  increased  5  to  7  percent  by  the  use  of 
wood  residues  for  pulp  (Forest  Survey  data). 

result  of  the  phenomenal  growth  of  this  industry  the  market  for 
pine  is  extensive  and  increasing  (fig.  4). 6 

Most  of  the  southern  pulp  mills  either  already  own  or  intend  to 
acquire  enough  forest  land  to  supply  half  their  wood  requirements 
continuously.  The  other  half  of  their  requirements  provides  a  mar- 
ket important  to  small  woodland  owners.  If  all  forests  within  a 
radius  of  about  40  miles  of  each  mill  were  well  stocked  and  properly 
managed  they  might  fill  the  need,  but  some  of  the  wood  goes  into 
other  uses,  so  actually  the  wood  for  a  mill  is  gathered  from  a  much 
wider  area.  The  industry,  in  need  of  a  perpetual  supply,  employs 
nearly  150  foresters  who  work  exclusively,  and  free  of  charge,  with 
local  woodland  owners  to  make  their  forests  more  productive.  About 
10,000  owners  with  some  5  million  acres  of  forest  land  benefit  from 
industry  assistance. 


SUMMARY 

The  rebuilding  of  the  loblolly  pine  forest,  in  the  face  of  natural 
sucession  toward  hardwoods,  is  a  challenge  to  the  South.  It  is  like- 
wise an  attractive  silvicultural  opportunity.    This  is  true  because 

6  Throughout  the  loblolly  pine  belt  pulpwood  is  abundantly  available  from 
broad-leaved  species  at  prices  per  unit  of  volume  that  are  well  below  those  for 
softwood,  but  the  demand  for  hardwood  is  low.  Hardwoods  contribute  only 
about  13  percent  of  the  wood  used  for  pulp  in  the  South.  Hence  this  market  is 
insufficient  to  absorb  all  the  hardwood  that  needs  to  be  harvested  to  permit  full 
growth  of  the  valuable  softwoods  such  as  loblolly  p^ine. 


14 


LOBLOLLY  PINE 


of  increases  in  the  accessibility  of  the  forest  resource,  advances  in 
knowledge  of  its  culture,  and  continuing  expansion  of  market  outlets 
for  all  its  principal  and  some  of  its  minor  products. 

Loblolly  pine  yields  more  than  do  its  own  hardwood  associates 
in  the  South,  and  on  short  rotations  it  excels  even  the  Douglas-fir 
of  the  West  in  producing  merchantable  cellulose. 

The  loblolly-shortleaf  pine  type  of  forest  occupies  53  million 
acres  or  27  percent  of  the  commercial  forest  land  in  14  states.  The 
merchantable  volume  of  loblolly  pine  alone  was  nearly  22  billion 
cubic  feet  in  1953.  Of  this  the  saw-log  volume  was  89  billion  board 
feet.  Annual  harvests,  largely  without  benefit  of  silviculture,  have 
averaged  about  10  billion  board  feet  for  half  a  century.  High-grade 
poles,  piles,  and  clear  lumber,  produced  only  in  limited  amounts, 
continue  to  be  in  short  supply  and  rather  high  in  price.  Pulpwood, 
though  still  abundant,  is  now  being  deliberately  grown  on  relatively 
short  rotations  for  an  expanding  market.  The  expansion  justifies 
intensive  silviculture  on  the  better  lands.  Professional  foresters  are 
now  assisting  this  development  by  increasing  their  research  and 
extension  work  in  the  South. 


Chapter  2 


The  Species  and  Its  Environment 


XI  ow  did  loblolly  pine  get  its  scientific  and  its  peculiar  common 
name ;  which  of  its  features  identify  it  as  a  botanical  species ;  and 
what  are  the  results  of  basic  studies  made  to  facilitate  its  culture? 
This  chapter  attempts  to  answer  such  questions. 

Because  the  loblolly  pine  type  over  extensive  areas  is  an 
intermediate  stage  in  plant  succession  and  tends  to  be  replaced  by 
hardwoods,  the  forester  or  land  manager  needs  to  know  about  the 
various  factors  that  affect  the  maintenance  and  regeneration  of  lob- 
lolly pine.  The  lay  of  the  land,  available  moisture,  soil  makeup, 
root  response,  and  the  relationships  of  photosynthesis  all  play  their 
part  in  determining  the  survival  of  the  species.  The  quality  of  sites 
and  their  ability  to  grow  loblolly  pine  satisfactorily  are  meas- 
ured by  site  index.  An  understanding  of  natural  forces  that 
underly  the  behavior  of  a  crop  species  during  reproduction  and  the 
capacity  of  young  trees  to  survive  and  develop  normally  are  essential 
to  success  in  silviculture.  Among  the  fundamental  biological  con- 
tributions to  this  basic  understanding  are  the  more  highly  specialized 
research  studies  reported  in  this  chapter.  The  review  here  includes 
productive  work  in  laboratory  and  greenhouse  as  well  as  in  the  pine 
forest. 

NAMES  FOR  LOBLOLLY  PINE 

Carolus  Linnaeus  gave  loblolly  pine  its  scientific  name,  Pinus 
taeda,  over  200  years  ago.  Taeda,  the  ancient  name  for  resinous 
pines,  comes  from  the  Latin  word  meaning  torch,  and  in  Roman 
times  taeda  was  applied  to  several  of  the  hard,  pitchy  pines. 

How  did  Pinus  taeda  acquire  the  common  name  loblolly  f  We 
cannot  be  sure,  for,  like  many  names,  its  roots  lie  buried  in  the 
obscurity  of  unrecorded  customs,  fancies,  and  slang  usage.  Seem- 
ingly unrelated  elements  are  involved  in  the  derivation  of  this 
peculiar  word,  loblolly.    Its  application  in  the  New  World  appears 
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closely  linked  with  certain  topographic  features  of  the  eastern  sea- 
board, the  travel  to  it,  and  the  first  probing  by  seafaring  men  and 
early  settlers. 

We  know  that  lob  is  from  lobe,  a  curved  object,  bay,  or  trajec- 
tory. One  old  English  meaning  for  the  syllable  lolly,  as  in  lollypop, 
is  lump  candy  (especially  in  Australia)  or  a  lumpy  substance. 
''Lolly"  in  the  18th  century  maritime  circles  referred  to  the  ship's 
doctor's  drench,  a  lumpy  broth  or  soup.  The  "loblolly  boy"  on  a 
ship  was  the  doctor's  assistant  in  charge  of  drugs  dispensed  from 
the  sick  bay  or  storage  nook  (curved  object,  bay)  aboard  the  vessel 
ferrying  seasick  colonists  across  the  ocean.  Such  colonists,  ex- 
ploring the  terra  firma  of  the  present  central  Atlantic  seaboard 
states,  remembering,  perhaps,  the  distasteful  and  lumpy  gruel  they 
had  tried  to  stomach  on  their  ships,  applied  the  name  loblolly  to 
mud  holes,  moist  depressions,  swales,  swamps,  baygalls,  and  lowland 
stream  borders  or  "branches."  The  colonists  called  one  of  the 
flowering  broad-leaved  trees  found  in  such  locations  "loblolly  bay" 
(Gordonia  lasiantkus)  and  one  of  the  needle-leaved  trees  "loblolly 
pine"  (Pinus  taeda).  Thus,  the  evidence  points  to  a  strong  association 
between  lumpy  mud  in  a  baygall  and  the  name  of  this  pine. 

In  the  original  13  states  other  names  sometimes  used  for  the 
species  were  sap  pine,  corn-stalk  pine,  swamp  pine,  spruce  pine, 
Indian  pine,  foxtail  pine,  slash  pine,  frankincense  pine,  and  torch 
pine.  Locally  from  Delaware  to  North  Carolina  it  was  called  Rose- 
mary pine,  longstraw  pine,  long-shat  pine,  longchat  pine,  longshucks 
pine,  or  longtag  pine.  Often  its  designation  changed  with  associated 
species.  For  example,  Pinus  taeda  was  called  longleaf  pine  if  found 
together  with  P.  echinata,  P.  rigida,  or  P.  virginiana,  but  called 
shortleaf  pine  if  it  occurred  with  P.  palustris.  In  the  colonial  mar- 
kets it  was  most  often  designated  merely  southern  pine  or  North 
Carolina  pine,  but  occasionally  it  was  referred  to  as  Virginia  pine 
or  Delaware  pine. 

In  the  Gulf  states  and  in  Arkansas  it  was  occasionally  called 
meadow  pine,  black  pine,  black  slash  pine,  bastard  pine,  or  Arkansas 
pine,  but  more  often  it  was  named  sap  pine,  yellow  pine,  or  bull 
pine.  Its  commonest  name,  however,  as  in  the  Atlantic  states,  was 
LOBLOLLY.  A  term  very  widely  used  has  been  "old-field  pine" 
because  it  reseeded  so  many  abandoned  fields,  and  that  characteristic 
is  one  reason  for  the  great  importance  of  the  species  in  present-day 
southern  industry. 
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Plate  1.— Male  flowers  and  leaves  of  loblolly  pine:  a,  Branch  with  staminate 
flowers;  b,  a  young  fascicle  of  leaves  in  the  spring;  c,  d,  mature  leaves; 
e,  cross  section  at  base  of  leaf  bundle  magnified  to  show  central  fibrovascular 
bundles,  and  resin  ducts  surrounded  by  parenchyma  (Mohr  1897) ;  /,  an 
involucre — bracts  surrounded  by  a  cluster  of  staminate  flowers;  g,  an  anther, 
the  polliniferous  part  of  a  stamen,  side  view  enlarged;  and  h,  an  anther, 
front  view  enlarged  (Sargent  1897). 
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SPECIES  CHARACTERISTICS 

There  is  evidence  that  within  the  family  Pinaceae,  in  which  lob- 
lolly pine  belongs,  the  pines  (Pinus)  occupy  an  intermediate 
position,  whereas,  for  example,  the  larch  (Larix)  is  low  and  cypress 
(Taxodium)  high  in  the  scale  of  development  (Doak  1935).  Within 
its  genus,  loblolly  pine  (P.  taeda)  belongs  with  the  other  hard 
pines  in  the  group  Australes  (Shaw  1914). 

Loblolly  pine  foliage  consists  of  needles  6  to  9  inches  long  in| 
clusters  of  3  (occasionally  2)  persistent  normally  until  the  second] 
autumn,  though  some  may  enter  the  third  growing  season  (plate  1)^~ 
There  are  10  to  12  rows  of  large  stomata  on  each  face.  CThey^sSa- 
guishing  characters  are  miscroscopic — resin  canals  medi^f  rarely 
both  medial  and  internal,   endosperm  triangular,   hypodern>- not 
projecting  far  into  the  green  tissue,  and  outer  walls  of  itye  endosperm 
mostly  thin  (Doi  and  Morikawa  1929). 

The  cones,  6  to  10  inches  long,  may  be  recognized  in  both  years^ 
of  their  growth  by  the  spines  on  their  scales.  The  whole  umbo  forms 
a  stout  triangular  spine  with  slightly  concave  sides.  These  spines 
are,  with  one  exception  (Pinus  pungens),  the  strongest  and  most 
persistent  of  all  pine  species  in  eastern  North  America  (Shaw  1914)' 
(plate  2). 

The  bark  resembles  that  of  the  other  hard  pines  in  the  South. 
It  can  usually  be  distinguished  from  that  of  shortleaf  pine  (Pinus 
echinata)  because  the  surface  shows  few,  if  any,  of  the  resin  blisters 
so  abundant  on  most  specimens  of  that  species.  Beneath  the  surface 
of  the  bark  there  is  a  layer  (the  periderm)  with  a  sheet  of  cells  called 
phellogen  (or  cork  cambium)  that,  together  with  other  evidence, 
may  possibly  help  in  the  recognition  of  loblolly  pine.  Loblolly 
pine  phellogen,  like  that  of  pond  pine  (P.  serotina),  is  an  incon- 
spicuous slate  gray,  whereas  the  same  tissue  in  several  of  the  other 
hard  pines  (P.  palustris,  P.  echinata,  P.  elliottii,  P.  glabra,  and  P. 
clausa)  is  by  contrast  a  conspicuous  ivory  white  (DeVall  1944). 

The  wood  has  few  characteristics  sufficiently  distinctive  to  dif- 
ferentiate it  from  other  southern  yellow  pines,  with  the  possible 
exception  of  longleaf  pine  (Pinus  palustris).  When  a  cross  section 
close  to  stump  height  is  available,  longleaf  pine  wood  shows  the  large 
pith  typical  of  its  seedlings.  On  any  cross  section  longleaf  pine 
wood  usually  shows  a  more  distinct  line  between  spring  and  summer 
wood  than  does  loblolly  pine.  Loblolly  pine  wood  rays  are  less 
prominent  and  closer  together  (Bitting  1909). 

An  early  analysis  of  loblolly  pine  turpentine  showed  it  to  be 
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Plate  2. — Female  flowers,  cone,  and  seed  of  loblolly  pine :  a,  Branch  with  two 
subterminal  aments  of  female  flowers  at  the  end  of  seasonal  shoot;  b,  im- 
mature yearling  cone;  c,  mature  2-year  cone  closed;  d,  mature  cone  open 
after  shedding1  seed;  e,  dorsal  side  of  cone  scale  with  stout  reflexed  prickle; 
/,  ventral  view  of  same  with  seed  in  place;  q,  seed  and  wing  detached 
(Mohr  1897). 
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dextrorotatary  (+46°),  its  density  0.8525,  and  its  index  of  refrac- 
tion 1.4700.  Later  tests  (Mirov,  Wang,  and  Haagen-Smit  1949) 
showed  the  oleoresin  to  consist  of  85  percent  d  —  a  —  pinene  and  12 
percent  1  —  (3  —  pinene.  Limonene  was  not  found.  On  distillation 
the  oleoresin  yielded  18  percent  turpentine. 

SPECIES  DISTRIBUTION 

Loblolly  pine  reaches  merchantable  size  throughout  its  natural 
range  and  can  be  found  in  commercial  concentrations  in  many 
areas,  according  to  the  latest  available  survey  information  on  timber 
volume  by  counties  (fig.  5).   Stands  of  loblolly  pine  timber  today 


Figure  5. — Distribution  of  timber  volume  within  the  natural  range  of  the 
species — each  dot  representing  5  million  cubic  feet  of  loblolly  pine  timber 
(Forest  Survey  data). 


are  relatively  heavy  in  southern  Delaware  and  Maryland,  as  well 
as  in  eastern  Virginia  and  northeastern  North  Carolina  from  the 
coast  westward  to  about  78°  west  longitude.  More  southerly  con- 
centrations are  found  in  various  Gulf  states,  as  for  example  in  Winn 
and  Livingston  Parishes  in  Louisiana. 

Natural  limits 

Loblolly  pine  forests  thrive  with  6  to  10  frost-free  months  aj 
year,  40  to  50  inches  of  fairly  well-distributed  annual  rainfall,  and \ 
enough  humidity  for  a  favorable  precipitation-evaporation  ratio  ) 
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(Carmean  1947).  Although  500  feet  is  its  usual  altitudinal  limit  it 
reaches  nearly  700  feet  in  central  North  Carolina  (Ashe  1915). 
The  species  disappears  altogether  at  latitude  39°21'  N.,  or  about  20 
miles  north  of  Dover,  Del.  (Crow  1941),  and  at  about  97°  west 
longitude  in  eastern  Texas. 

Prominent  among  the  climatic  factors  that  limit  the  botanical 
range  of  a  species  are  temperature  and  moisture.  Water  that  the 
soil  can  supply  for  the  growth  of  trees  and  the  flow  of  streams  de- 
pends on  the  relation  between  precipitation  (P)  which  adds  water 
and  evapotranspiration  (E)  which  removes  it,  Hence  Thornthwaite 
(1941)  uses  the  ratio  P  over  E,  each  term  expressed  in  inches,  to 
estimate  the  effectiveness  of  precipitation,7  and  to  classify  climates. 
The  sum  of  12  monthly  ratios  supplies  an  annual  11  P-E  index." 
Average  values  of  this  index  range  within  the  loblolly  pine  belt  from 
64  to  111.  Where  the  P-E  index  is  low  the  soluble  materials  in  the 
soil  become  concentrated  a  short  distance  below  the  surface  and  in 
the  root  zone.  Where  it  is  high  these  solutes  are  rapidly  leached 
out  leaving  relatively  insoluble  materials  like  compounds  of  iron 
and  aluminum. 

Summer  rainfall  is  low  in  the  western  part  of  the  range  as  con- 
trasted with  the  extremely  high  summer  rainfall  in  the  southeastern 
part.  Winter  temperature  is  appreciably  lower  in  the  northern  than 
in  the  southern  parts  of  the  range.  Relatively  mild  winters  appear 
to  make  more  soil  moisture  available  (Hocker  1956).  Such  differ- 
ences can  easily  affect  the  results  from  efforts  to  obtain  either 
natural  or  artificial  reproduction.  Summer  temperature  shows  less 
geographic  variation. 

Just  as  temperatures  depend  on  both  latitude  and  altitude,  avail- 
able moisture  depends  on  both  rain  and  the  capacity  of  soil  to 
retain  water.  At  its  northern  natural  limit  loblolly  pine  is  confined 
to  the  flat  Coastal  Plain,  whereas  farther  south  it  occupies  rolling 
inland  sites  as  well  (Lotti  and  McCulley  1951).  On  the  western 
shore  of  Chesapeake  Bay  commercial  quantities  of  loblolly  pine  were 
found  only  in  St.  Mary's  County,  Md.,  and  in  the  southern  part  of 
Calvert  and  Charles  Counties  on  poorly  drained  soils  not  over  60 
feet  above  sea  level  (Cope  1923a).  Individual  tree  outposts  of 
loblolly  pine  were  found  by  Gifford  Pinchot  at  Town  Bank,  Cape 

7  Direct  measurements  of  the  term  E  are  difficult  and  not  available  for  any 
extensive  areas.    Accordingly  Thornthwaite  derived  values  of  E  indirectlv  using 

P  (    P  \10A 

the  formula  —  =  H.5  I  -  -  —  j     ,  where  T  is  the  mean  monthly  temperature 

in  degrees  F.,  except  that  no  mean  less  than  28.4°F.  is  used.  This  formula, 
based  on  studies  at  21  western  U.  S.  stations,  has  been  widely  applied. 
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May  County,  N.  J.  (Hollick  1897),  and  planted  stands  have  pro- 
duced merchantable  box  bolts  in  southern  New  Jersey  (Anonymous 
1928).  An  outpost  is  reported  also  on  the  banks  of  the  Delaware- 
Chesapeake  Canal  at  Summit  Bridge,  New  Castle  County,  Del. 
(Taber  1939). 

One  student  of  transpiration  from  trees  (Kozlowski  1941)  be- 
lieves that  the  reduction  in  absorption  of  moisture  from  cold  soil, 
which  is  greater  for  loblolly  than  for  white  pine,  may  well  limit 
the  ability  of  loblolly  pine  to  survive  in  colder  regions.  The  species 
crosses  the  fall  line  and  advances  into  the  Virginia  Piedmont  at 
a  point  just  south  of  Washington  and  a  few  miles  west  of  Alexandria 
(Crow  1911).  Within  the  Piedmont  and  on  the  eastern  edge  of  that 
plateau  loblolly  pine  is  confined  to  a  strip  40-50  miles  wide  in  North 
Carolina  and  20-30  miles  wide  in  Virginia.  In  the  salt  marshes 
along  the  coast  loblolly  pine  is  able  to  grow  for  long  periods,  but  it 
does  not  tolerate  salt  spray.  It  occurs  on  the  outerbanks  of  North 
Carolina,  reaching  substantial  development  on  old  dunes  near  Bux- 
ton on  Hatteras. 

Southward,  frequent  fires  have  been  most  effective  in  limiting 
the  original  range  of  loblolly  pine.  The  southernmost  outposts  of 
the  species  were  scattered,  well-developed  trees  along  streams  within 
the  coastal  belt  of  longleaf  pine.  Here  fine  specimens  were  occa- 
sionally found  in  naturally  protected  spots  of  climax  forest  called 
hammocks  where  they  were  associated  with  such  species  as  laurel 
oak,  water  oak,  and  beech  (Mohr  1901).  The  hardwood  bottom 
lands  of  the  lower  Mississippi  River  Valley  form  a  complete  break 
in  the  loblolly  pine  belt. 

At  the  western  limits  of  the  range,  what  appears  to  be  a  drought- 
hardy  strain  of  loblolly  pine  is  isolated  in  the  so-called  ''Lost  Pine" 
areas.  These  are  in  Colorado,  Fayette,  and  Bastrop  Counties,  Texas, 
where  the  annual  rainfall  is  10  to  20  inches  less  than  it  is  200  miles 
farther  east.  Loblolly  pine  plantations  have  survived  in  central 
Texas. 

Situations  occupied 

Loblolly  pine  originally  occupied  lowlands,  bordering  or  within 
swamps,  savannas,  pocosins,  or  hammocks  on  a  wide  variety  of  moist 
topsoils,  but  was  most  abundant  on  the  best  quality  loams,  silts, 
clays,  and  peaty  soils  seldom  flooded  but  with  a  water  table  5  to  8 
feet  below  the  surface  (Ashe  1915). 

Before  the  South  was  settled  there  would  have  been  little  pine 
forest  had  it  not  been  for  fire  (Chapman  1911a).   After  settlement 
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agricultural  failures  increased  pine  stands.  Within  the  outer  limits 
for  loblolly  pine,  as  described  above,  natural  controls,  including 
untimely  fire,  continued  to  restrict  pine  distribution,  but  land  use 
had  the  most  pronounced  effect  in  modifying  its  pattern.  A  bit  of 
history  can  clarify  these  trends. 

The  first  settlers  to  leave  the  coastal  strip  faced  a  forest  of  oak, 
hickory,  and  other  hardwoods,  with  scattered  individual  specimens 
of  loblolly  pine.  The  clearings  made  by  colonists,  however,  were 
largely  confined  to  the  lower  Coastal  Plain  until  the  Revolutionary 
"War  period.  Thereafter,  cotton  farming  spread  inland  to  the  Pied- 
mont Plateau,  where  the  peak  of  agricultural  development  was 
reached  by  1840,  with  87  percent  of  the  land  in  cultivation.  Ac- 
cording to  studies  in  Georgia  about  10  percent  of  these  Piedmont 
farm  lands  reverted  to  forest  during  the  Civil  War;  another  30 
percent  was  abandoned  to  the  natural  reseeding  of  pine  during  the 
depression  of  the  late  eighteen-eighties  (Brender  1952a).  Since  the 
rough  estimate  of  the  distribution  of  timber  volumes  in  1884  ( fig.  6) 
loblolly  pine  has  increased  southward  into  the  Gulf  coastal  areas 
formerly  occupied  largely  by  longleaf  and  slash  pines. 


Figure  6. — Part  of  the  present  loblolly  pine  belt  showing  approximate  stand 
density  of  forest  cover  in  cords  per  acre  as  estimated  bv  C.  S.  Sargent 
in  1884. 


A  large  acreage  of  the  new  pine  forest  was  cleared  again  for 
growing  cotton  during  World  War  I,  but  with  the  advent  of  the 
boll  weevil  in  1920  about  one-third  of  the  new  farm  land  was  aban- 
doned, and  now  roughly  two-thirds  of  the  Georgia  Piedmont  is  once 
more  in  pine  forest.    When  abandoned  fields  became  available  to 
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loblolly  pine  it  promptly  invaded  many  sites  to  mingle  over  ex- 
tensive areas  with  various  other  species,  and  to  form  numerous  pure 
stands  in  the  lower  Piedmont. 

The  history  of  land  use  elsewhere  in  the  Piedmont  and  coastal 
areas  has  similarly  affected  the  forests.  For  example,  Harper  (1913) 
studying  trends  in  some  15  physiographic  subdivisions  of  Alabama, 
found  that  the  loblolly  pine  cover  types  had  increased  in  all  but  two 
districts.  Some  of  this  advance  was  into  heavily  cut-over  forest 
land,  but  more  of  it  was  natural  reseeding  of  abandoned  fields. 
Loblolly  became  popularly  known  as  ''old-field  pine."  Thus,  land 
use  greatly  increased  the  area  of  loblolly  pine  forests. 

This  trend  has  been  temporarily  reversed  in  the  loblolly  pine 
belt  east  of  the  Mississippi  River  for  three  principal  reasons:  (1) 
agriculture — at  least  in  the  Coastal  Plain — is  now  more  stable, 
(2)  better  markets  for  pine  still  exist  and  loggers  indulge  in  over- 
cutting  on  many  small  tracts,  and  (3)  organized  protection  has 
eliminated  the  widespread  light  burning  that  previously  minimized 
the  competition  from  hardwood  brush  (Lotti  and  McCulley  1951). 

West  of  the  Mississippi  River  the  early  trend  toward  an  increase 
in  pine  area  and  volume  continues  in  Arkansas,  Louisiana,  Texas, 
and  Oklahoma.  The  increase  in  volume  is  especially  noticeable  in 
Oklahoma.  Much  of  the  improvement  in  this  general  area  arises 
from  an  increased  application  of  silviculture  to  extensive  tracts  of 
pine  land  (Sternitzke  and  Wheeler  1955).  Similar  increases  in 
loblolly  pine  timber  resources  are  to  be  expected  now  on  the  Atlantic 
seaboard  as  a  result  of  rising  interest  in  industrial  forestry  there. 

The  introduction  of  partial  cutting  and  the  curtailment  of  the 
traditional  practice  of  frequently  burning  over  the  forest  floor  had 
various  effects  along  the  fringes  of  the  original  loblolly  pine  forest. 
In  parts  of  southeastern  Texas  fire  protection  resulted  in  the  de- 
velopment of  a  dense  understory  of  yaupon  (Hartman  1949). 
Encroachment  of  loblolly  pine  into  the  Coastal  Prairie  as  reported 
over  50  years  ago  (Zon  1905)  appears  to  be  continuing.  This,  how- 
ever, has  not  happened  to  the  small  treeless  prairies  within  the 
loblolly  pine  forest  in  Arkansas ;  here  the  prairies  are  on  the  flat, 
poorly  drained  divides  that  lie  between  divergent  drainage  lines 
extending  into  surrounding  forest. 

Along  the  southern  fringes  of  loblolly  pine  forest  in  the  Gulf 
states,  this  species  has  captured  much  of  the  loamy  flatwood  land 
formerly  held  by  longleaf  pine  (Pessin  1933),  and  where  hogs  had 
destroyed  much  longleaf  pine  regeneration.    This  tendency  for  lob- 
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lolly  pine  to  take  over  devastated  longleaf  pine  cutover  lands  was 
extensive,  but  not  universal.  On  sterile  sands  loblolly  pine  becomes 
established  with  difficulty,  if  at  all,  and  then  produces  short,  knotty 
trees  (Ashe  1895,  Pinchot  and  Ashe  1897).  In  countless  other 
locations  the  reduced  use  of  fire — like  the  commercial  preference  for 
pine  products — places  loblolly  pine  at  a  disadvantage  in  competi- 
tion with  its  deciduous  competitors.  Currently  a  large  area  is  being 
lost  to  less  valuable  hardwood  forest. 

Loblolly  pine,  however,  is  capable  of  growing  in  a  great  variety 
of  soils,  rich  and  poor,  wet  and  dry.  It  may  even  grow  in  places 
subject  to  inundation  by  muddy  waters  (Harper  1928).  Ashe  (1915) 
listed  its  characteristic  occurrence  in  six  situations  as  follows: 

1.  River  swamps,  as  single  trees  with  hardwoods. 

2.  Deep  or  shallow  interior  swamps,  in  small  groups  with  hard- 
woods. 

3.  Hammocks,  sparingly  with  other  pines. 

4.  Well-drained  uplands,  in  compact  groups. 

5.  Peaty  soils,  with  hardwoods,  or  in  pure  stands  following 
fires. 

6.  Narrow  stream  swamps  in  eastern  Piedmont  and  scattered 
westward. 

Associated  species 

In  the  old-growth  forests  in  the  South,  loblolly  pine  was  a  minor 
component  on  the  dry  longleaf  pine  lands  and  on  the  wet  bottom 
lands,  but  a  major  species  on  the  upper  Coastal  Plain  and  other  moist 
inland  sites  not  frequently  burned  over.  Before  abandoned  fields 
became  available  to  loblolly  pine,  other  species  mingled  with  it 
nearly  everywhere  except  on  areas  devastated  by  hurricanes.  Under 
protection  from  fire  loblolly  pine  took  over  extensive  longleaf  pine 
lands  where  the  water  table  was  seldom  below  20  feet.  The  remain- 
ing longleaf  pine  on  many  of  these  areas  formed  less  than  1  percent 
of  stand  volume  in  the  second  growth. 

Associated  species  vary  by  locality.  At  the  western  and  northern 
limits  of  its  range  loblolly  pine  is  generally  replaced  by  shortleaf 
pine,  and  at  the  northeastern  limit  by  shortleaf  and  Virginia  pine. 
In  the  Georgia  Piedmont  the  original  stands  with  a  heavy  propor- 
tion of  pine  were  more  prevalent  west  of  the  Atlantic-Gulf  divide 
than  east  of  it  (Nelson  1957). 

The  original  forest  in  Arkansas  was  about  half  and  half  short- 
leaf  and  loblolly  pines  (Betts  1909).  In  a  1905  study  of  old-growth 
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forests  in  Alabama.  Reed  reported  that  on  well-drained  shale  and 
schist  soils  the  pine  forest  was  longleaf  with  only  2  percent  loblolly. 
But  on  the  lower  slopes,  where  the  soil  was  deeper,  and  more  moist, 
the  loblolly  pine  increased  to  67  percent.  Lower  still,  on  land  bor- 
dering the  principal  creek  and  river  bottoms,  loblolly  pine  was  found 
only  in  groups  of  3  or  -4  trees  or  singly  among  the  hardwoods. 
Maximum  individual  development  was  best  where  the  chance  for 
natural  regeneration  of  pine  was  least. 

Loblolly  pine  was  largely  excluded  from  wet  lowlands  by  hard- 
woods and  from  dry  longleaf  pine  lands  by  frequent  fire.  Between 
these  extremes  it  was  able  to  hold  extensive  areas  of  intermediate 
topography  where  fires  occurred  less  frequently.  On  these  areas 
loblolly  pine  usually  dominated  the  overstory.  but  seldom  dominated 
the  miderstory.  This  stand  condition  was  typical  of  the  virgin 
forest,  and  remains  highly  significant  silviculturally.  as  will  be 
shown  in  the  following  section.  The  mixture  of  species  found  in 
the  nnderstory  included  only  a  few.  like  shortleaf  pine,  sweetgum. 
or  white  oak.  that  were  able  to  penetrate  the  pine  overstory.  In 
capacity  to  develop  timber  trees  of  top  quality,  loblolly  pine  appears 
inferior  to  yellow-poplar  on  the  best  sites,  and  inferior  to  longleaf 
pine  timber  only  on  the  poorest  of  the  deep  dry  sands.  Elsewhere, 
with  an  even  start  it  surpasses  nearly  all  competitors. 

The  associated  species  vary  also  with  topographic  situation.  For 
example,  where  there  is  plenty  of  moisture  in  South  Carolina,  sweet- 
gum,  blaekgum.  water  oak.  red  maple,  and  occasionally  yellow- 
poplar,  ash.  beech,  hickory,  and  slash  pine  are  the  associates 
(  Chapman  1905  .  whereas  on  dryer  soils  longleaf  or  shortleaf  pines 
may  be  found  along  with  certain  scrubby  oaks,  such  as  blackjack, 
southern  red.  and  post  oak.  In  the  North  Carolina  Piedmont  loblolly 
pine  and  shortleaf  pine  together  often  occupy  the  best  sites  and 
Virginia  pine  the  poorest.  Although  no  complete  list  exists,  the 
following  is  a  partial  list  of  associated  species : 


Principal  associates  of  loblolly  pine1 


Scientific  name 


Common  name 


Acer  rubrum  L.  (and  varieties)  

ATbizzia  julibrissin  Durazz  

Carpiaus  caroliniana  YValt  

Carya  cordiformis  (Wangenh/1  K.  Koch 

C.  glabra  (Mill.)  Sweet  

C.  pallida  (Ashe)  Engl.  &  Graebn  

C.  texana  Buekl  

C.  tomentosa  Xutt  

Cercis  canadensis  L  


Bed  maple 
Mimosa* 

American  hornbeam* 
Bittermit  hickory 
Pignut  hickory 
Sand  hickory 
Black  hickory 
Mockernut  hickory 
Eastern  redbud* 
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Scientific  name  Common  name 

Chamaecyparis  thyoides  (L.)  B.S.P  Atlantic  white-cedar 

Comas  fiorida  L  Flowering  dogwood* 

Crataegus  spp.  L  Hawthorn*  (many  species  ) 

Diospyros  virginiana  L  Persimmon 

Fag  us  grandifolia  Ehrh  American  beech 

Fra.rinus  americana  L  White  ash 

F.  carolinmnu  Mill  Carolina  ash 

F.  pennsylvanica  Marsh  Green  ash 

F.  profunda  (Bush)  Bush  Pumpkin  ash 

Gleditsm   triacanthos   L.  Honeylocust 

Ilex  opaea  Ait  American  holly* 

Juniperus  virginiana  L.  Eastern  redcedar 

Liquidambar  styraciflua  L   Sweetgum 

Liriodendron  tulipifera  L  Yellow-poplar 

Maelura  pomifera  (Eaf.)  Schneid  Osage-orange 

Magnolia  grandiflora  L  Southern  magnolia 

M.  virginiana  L  Sweetbay 

Morus  rubra  L  Bed  mulberry 

Nyssa  aquatica  L  Water  tupelo 

X.  sylvatica  Marsh  Blackgum 

Ostrya  virginiana  (Mill.  )  K.  Koch  Eastern  hophornbeam* 

Oxydendrum  arboreum  (L.)  DC.    Sourwood* 

Persea  barbonia  (L.)  Spreng  Bedbay 

Pinus  echinata  Mill  Shortleaf  pine 

P.  elliottii  var.  elliottii  Engelni  Slash  pine 

P.  glabra  Walt  Spruce  pine* 

P.  palustris  Mill  Longleaf  pine 

P.  rigida  Mill  Pitch  pine 

P.  serotina  Michx.   Pond  pine 

P.  virginiana  Mill  Virginia  pine 

Populus  deltoides  Bartr  Eastern  cottonwood 

P.  heterophylla  L  Swamp  cottonwood 

Prunus  serotina  Ehrh  Black  cherry 

Quercus  alba  L  White  oak 

Q.  coccinea  Muenchh  Scarlet  oak 

Q.  falcata  Michx.  Southern  red  oak 

Q.  falcata  var.  pagodaefolm  Ell.  Cherrybark  oak 

Q.  laevis  Walt  Turkey  oak 

Q.  laurifolia,  Michx  Laurei  oak 

Q.  marilandica  Muenchh  Blackjack  oak* 

Q.  michauxii  Xutt  Swamp  chestnut  oak 

Q.  nigra  L  Water  oak 

Q.  palustris  Muenchh.  Pin  oak 

Q.  phellos  L    Willow  oak 

Q.  rubra  L.   Northern  red  oak 

Q.  shumardii  Buckl  Shumard  oak 

Q.  steUata  Wangenh  Post  oak 

Q.  stellata  var.  margaretta  (Ashe)  Sarg  Sand  post  oak 

Q.  velutina  Lam  Black  oak 

Q.  virginiana  Mill  Live  oak 

Bobinia  pseudoacacia  L  Black  locust 

Sassafras  albidum  (Xutt.)  Xees  Sassafras* 

Taxodiam  distichum   (L.x>  Bich  Baldcypress 
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Ulmus  alata  Michx. 
77.  americana  L. .  .  . 
77.  thomasii  Sarg. .  . 


Winged  elm 
American  elm 

Bock  elm* 


1  Boldface  indicates  species  of  commercial  importance  within  the  type,  and 
asterisks  indicate  species  that  seldom  develop  to  saw-log  size.  All  are  native  ex- 
cept one.  Mimosa  is  nonindigenous — an  introduced  species  that  escaped.  (Bef- 
erences:  Ashe  1915,  Cope  1923a,  U.  S.  Forest  Service  Southern  Forest  Expt.  Sta. 
1933.) 

The  Society  of  American  Foresters  (1926)  listed  four  variants 
of  the  loblolly  pine  type  :  (1)  flatwood  stands  with  associated  oaks, 
hickories,  gum,  etc.;  (2)  pine-barren  stands — formerly  cutover  long- 
leaf  pine  areas  on  coarse  sandy -loam  sites;  (3)  old-field  stands  on 
well-drained  soils  of  fair  quality;  and  (4)  loblolly-shortleaf  pine 
stands,  with  the  species  mixed  individually  or  groupwise.  In  addi- 
tion, however,  the  presence  of  localized  groups  of  certain  associated 
species  causes  many  differences  in  the  loblolly  pine  type. 


A  basic  problem  in  silviculture  the  world  over  is  the  maintenance 
of  a  forest  cover  that  will  provide  the  maximum  in  human  benefits 
consistent  with  the  ecological  limitations  of  the  site  (Lotti  and  Mc- 
Culley  1951).  Many  of  the  world's  most  valuable  timber  trees 
neither  reproduce  well  in  their  own  shade,  nor  compete  successfully 
in  mixture  with  many  aggressive  associate  species  of  less  value. 

In  the  loblolly  pine  belt  the  natural  replacement  of  pine  with 
more  shade-tolerant  and  less  valuable  hardwoods  is  reducing  timber 
yields  in  many  places.  This  trend  is  most  serious  on  sites  of  medium 
or  low  productivity.  Good  hardwoods  can  readily  be  produced  on 
fertile  bottom  lands;  elsewhere  the  extent  to  which  pine  is  being 
replaced  by  inferior  hardwoods  is  alarming.  It  is  reported  that  by 
1951  in  coastal  Virginia  low-grade  hardwoods  occupied  one-fifth  of 
a  2,000, 000-acre  pine  site,  and  in  South  Carolina  the  hardwood 
types  covered  a  59  percent  larger  area  than  they  did  10  years 
earlier  (Lotti  and  McCulley  1951). 

The  period  of  middle-aged  stablization  in  composition  of  many 
pine  stands  is  more  apparent  than  real.  Actually  a  rough  11  thumb- 
nail "  sketch  of  typical  pine-hardwood  relations  over  a  long  undis- 
turbed period  would  be  two  crossing  J-shaped  stand  curves  (fig.  7, 
A)  (Oosting  1942).  Pine  stands  thinned  by  cutting,  or  naturally 
at  maturity,  are  replaced  by  hardwoods  at  accelerating  rates.  The 
natural  decline  in  pine  density  is  such  that  the  number  of  pine 
stems  is  in  direct  proportion  to  the  reciprocal  of  stand  age  (fig.  7,  B) 
(Coile  1940). 


SUCCESSIONAL  TRENDS 
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AGE  (YEARS) 


RECIPROCAL  OF  AGE 


AGE  (YEARS) 


Figure  7. — Trends  of  long-term  change  in  the  pine  and  hardwood  components 
of  a  forest  during  natural  succession:  A,  An  old-field  stand  reverting  to 
hardwoods  (Oosting  1942)  and,  B,  the  direct  linear  relation  between  the 
decreasing  density  of  loblolly  pine  and  the  reciprocal  of  its  age  (Coile 
1940). 
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In  loblolly  pine  stands  unburned  for  about  10  years  deciduous 
trees  and  shrubs  are  relatively  abundant  in  the  understory.  They 
attain  more  stems  per  acre  as  the  age  of  the  pine  overstory  increases. 
The  pine  component  of  the  understory,  however,  decreases  as  the 
overstory  density  increases,  or  as  site  quality  decreases.  Oaks  and 
hickories  are  accepted  as  the  principal  species  in  the  final  or  "cli- 
max" stage  of  forest  succession  in  the  southern  pine  belt.  Their 
capacity  to  increase  in  competition  with  the  other  associated  under- 
story hardwoods  is  manifest.  Often  they  become  more  numerous 
while  the  pine  seedling  stand  diminishes  with  overwood  crown 
closure,  though  coexistence  may  be  possible  for  some  time  on  the 
better  sites. 

On  pine  sites  of  index  60  and  70  the  oaks  and  hickories  out- 
number the  pine  seedlings  beneath  the  older  timber.  On  pine  sites 
of  index  80  and  90  the  amount  of  pine  reproduction  exceeds  that 
of  the  climax  hardwoods  except  in  the  oldest  and  densest  stands. 
In  this  analysis  by  Barrett  and  Downs  (1943)  observations  made 
on  areas  burned  accidentally  at  least  once  in  10  years  did  not  dis- 
close any  significant  differences  in  regeneration.  The  use  of,  or 
exclusion  of,  fire  must  be  planned  wisely  to  be  helpful.  Once 
burning  is  stopped  the  existing  underbrush,  plus  possibly  some  addi- 
tional shrubs,  develops  into  thickets  on  good  sites  even  under  a 
fairly  heavy  overstory.  In  this  manner  much  pine  reproduction  in 
the  past  has  been  deprived  of  an  equal  start  with  that  of  the 
hardwoods.  Then  when  a  large  pine  died  (or  was  removed)  there 
often  were  no  recruits  to  replace  it;  consequently  deciduous  under- 
story species  then  grew  into  the  upper  canopy  (Oosting  1942). 
This  type  of  conversion  has  taken  place  on  a  large  scale.  Three 
practices  have  aided  the  natural  succession:  (1)  fire  exclusion,  (2) 
indiscriminate  cutting,  and  (3)  pine  harvests  that  leave  hardwoods 
standing  (Haig  1950a  and  1950b). 

This  trend  should  not,  and  need  not,  continue;  silviculture  can 
reverse  it.  If  the  forest,  where  hardwood  understories  have  de- 
veloped on  good  sites  in  spite  of  an  overwood,  is  undisturbed  for  10 
to  20  years,  a  high  percentage  of  the  hardwood  stems  naturally  will 
be  eliminated  while  the  minority  grows  up.  With  the  forest  floor  rel- 
atively clear  again,  the  pine  stand  can  reproduce  itself.  A  thorough 
chemical  treatment  to  release  the  pine  seedlings  then  can  practically 
eradicate  the  remaining  hardwoods. 

Although  the  tendency  for  unmanaged  eastern  forests  to  revert 
to  broad-leaved  types  cannot  be  changed,  the  trend  in  that  direction 
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can  and  must  be  widely  arrested  if  pine  is  to  be  perpetuated  as  a 
commercial  crop  of  timber. 

Stages  of  succession 

The  fact  of  forest  succession  is  unavoidable;  the  trend  toward 
hardwoods  is  unmistakable.  Less  is  known  of  the  exact  number 
and  duration  of  its  stages.  Yet,  any  forester  who  tries  to  arrest 
the  process  in  favor  of  pine  needs  some  knowledge  of  the  tenure  of 
less  desirable  species  that  seize  the  pine  land.  What  happens  locally 
varies  on  fields  abandoned  in  different  regions.  In  the  Piedmont 
region,  the  succession  of  dominants  on  abandoned  lands  where  culti- 
vation has  given  reseeding  a  fresh  start  by  destroying  native  root 
systems  can  be  outlined  as  follows: 

Forest  succession  typical  of  old  fields  on  the  Piedmont  Plateau  in  North- 
Carolina1 


Dominant 

Invasion  stage  vegetation 

Autumn  following  last  cultivation   Crabgrass 

During  first  year   Horseweed2 

During  second  year   Aster2 

Within  3  to  5  years   Broomsedge 

Within  10  years   Pine3 

Anytime  after  20  or  30  years   Hardwoods 


1  Adapted  from  several  sources,  mainly  Wells  1928,  Coile  1940,  Oosting  1942,  and  Keever  1950. 

2  Ragweed  may  dominate  these  stages. 

3  Usually  in  the  first  half  decade. 

The  succession  does  not  represent,  as  might  be  inferred,  a  relay 
of  distinctly  separate  stages.  The  reason  for  the  sequence  of 
dominants  hinges  on  relative  timing  of  events  significant  in  the  life 
cycle  of  each  species.  In  the  example,  the  crabgrass  started  prior 
to  complete  abandonment.  The  horseweed  became  dominant  because 
its  seeds  were  ready  to  germinate  when  much  of  the  land  was  culti- 
vated for  the  last  time.  Aster  dominance  was  delayed  because  the 
seeds  did  not  germinate  until  the  spring  following  maturity.  The 
dominance  of  broomsedge  was  delayed  because  of  inadequate  seed 
supply  for  a  full  stand  until  the  first  invaders  had  produced  seeds 
(Keever  1950).  Where  seeds  of  both  are  available,  loblolly  pine 
usually  precedes  sweetgum  in  occupying  old  fields  because  of  the 
superior  drought  resistance  of  its  seedlings  during  germination  and 
throughout  the  first  year  (Bormann  1953).  Obviously,  these  rela- 
tions vary  with  the  differences  in  climate  and  local  flora  within  the 
loblolly  pine  belt. 

The  chain  of  events  on  cut-over  forest  lands  normally  short-cuts 
the  timetable  of  natural  succession  for  abandoned  fields  because  of 


32 


LOBLOLLY  PIXE 


residual  hardwood  trees,  sprouting  stumps  with  firmly  established 
root  systems,  or  both.  Owing  to  its  origin  from  sprouts,  rather  than 
from  disseminated  seeds,  the  composition  of  the  first  resurgent  hard- 
wood stand  following  a  cutting  often  corresponds  closely  to  that  of 
the  original  hardwood  component  in  the  pine  stand.  This  is 
confirmed  by  recent  excavation  studies  of  the  initial  regeneration 
of  broad-leaved  species  on  cut-over  pine  lands  in  Arkansas.  It 
showed  nearly  all  individual  hardwood  stems  to  be  old  residents 
rather  than  sudden  invaders  (Reynolds  1956). 

The  final  stage  of  succession  is  rarely  reached  in  a  single  step. 
Some  shrubs  (e.g..  Crataegus)  and  some  vines  'e.g..  Smilax  and 
Rhus)  may  come  in  early  in  the  life  of  a  stand  and  persist  through 
all  succeeding  stages  (Oosting  1942  ).  but  not  all  the  first  invaders 
are  apt  to  be  of  species  capable  of  holding  the  land  permanently 
(Boyce,  S.G.,  1951).  Only  the  true  climax  forest  can  re-establish  it- 
self naturally  when  and  where  its  mature  trees  still  dominate  the 
site.  Unfortunately,  however,  the  earlier  stages  in  hardwood  suc- 
cession may  be  just  as  undesirable  commercially  as  the  final  stage. 

In  both  pure  and  mixed  stands  loblolly  pine  now  occupies  such 
a  wide  variety  of  sites  that  it  is  of  little  use  to  plant  scientists  in 
classifying  natural  forest  associations  of  the  region.  Clearly,  how- 
ever, its  place  in  succession  of  cover  types  is  an  intermediate  one, 
often  designated  as  "fire  subclimax"  |  Haig  1938)  in  both  the  Pied- 
mont and  the  Coastal  Plain.  Wells  (1928)  says  it  naturally  occupies 
a  vanishing  role. 

With  increased  and  reasonably  satisfactory  control  of  wildfire 
and  use  of  prescribed  fire,  however,  the  pine  type  of  forest  now 
can  be  extensively  perpetuated  by  natural  means.  Under  intensive 
management  the  same  end  is  achieved  by  using  the  more  artificial 
measures  of  hardwood  control,  seedbed  preparation,  or  planting  of 
pine. 

Soils  influence 

Natural  succession  is  slower  on  dry  coarse  soil  than  on  moist 
fine  soil  (Oosting  1912).  Fewer  oak  and  hickory  seedlings  are  found 
in  the  Piedmont  on  sandy  loam  soil  types  than  on  silt  loam  and 
clay  loam  types  I  Diftler  1917).  Pines  grow  faster  on  a  porous  loam 
or  sandy  loam  surface  soil  than  on  a  compact  clay  soil  or  on  a  coarse 
siliceous  one  (Ashe  1915).  In  the  Coastal  Plain  sweet  gum  and  red 
maple  are  more  abundant  where  the  drainage  is  imperfect  or  poor 
than  on  either  water-logged  or  well-drained  soils  (Coile  1950a). 
Shrubs  also  increase  under  these  conditions,  and  especially  where 
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the  clay  content  of  the  subsoil  is  greater.  On  ungrazed  lands  fol- 
lowing fire  these  species  and  shrubs  increase  with  time,  while  under 
grazing  they  decrease. 

Coile  (1940)  did  not  find  any  significant  changes  in  soil  char- 
acteristics accompanying  succession  on  loblolly  pine  land.  Carbon- 
nitrogen  ratios  usually  increase  during  succession,  except  in  stands 
with  well-developed  understories,  but  total  nitrogen  content  of  the 
surface  5  inches  of  soil  does  not  change  greatly.  Nitrogen  is  highest 
in  those  old-field  stands  with  a  hardwood  understory  of  species 
whose  litter  is  high  in  calcium.  Physical  characteristics  of  soil  such 
as  bulk  density,  water-holding  capacity,  and  air  space  likewise  change 
very  slowly  and  do  not  appear  to  be  influenced  by  succession. 

Existing  differences  in  soil  clearly  may  modify  the  rate  of  plant 
succession,  but  the  soil  itself  does  not  change  measurably  from  one 
vegetal  stage  to  the  next.  The  rate  of  change  in  the  vegetation  may 
also  be  influenced,  first  by  the  character  of  a  given  cover  type  and 
then  by  what  happens  to  it.  The  current  events  most  often  sig- 
nificant in  forest  succession  are  its  acceleration  by  indiscriminate 
cutting  and  its  retardation  by  fire. 

Arresting  succession 

Where  pine  is  the  objective,  retarding  succession  in  the  Coastal 
Plain  is  helpful— arresting  it  is  better,  but  in  the  Piedmont  some 
hardwoods  are  probably  necessary  for  the  maintenance  of  soil 
fertility.  Recognition  of  this  need  has  developed  slowly  and  experi- 
ments to  resolve  the  problem  are  still  underway. 

Burning  in  the  loblolly  type  where  pine  saplings  were  over  6  feet 
tall  was  suggested  early  (Record  1907)  merely  to  lessen  the  danger 
of  subsequent  conflagrations,  but  even  30  years  later  little  was 
known  of  its  use  for  other  purposes.  Oosting  (1944)  contrasted  the 
temporary  benefits  from  surface  fire  with  the  serious  setback  (type 
conversion)  after  a  crown  fire,  and  Chapman  (1943)  reported  that, 
with  the  exception  of  the  pure  stands  of  pine  on  old  fields  or  hur- 
ricane areas,  loblolly  pine  was  preponderant  where  fire  burned  on 
the  average  about  once  in  10  years.    He  stated  unequivocally  that 

.  .  if  there  is  one  thing  that  menaces  the  future  success  of  pine 
in  the  South  it  is  reversion  to  hardwoods  in  the  absence  of  fire." 

During  the  early  years  after  complete  protection  was  started  the 
improvements  observed  in  the  pine  forest  were  traceable  to  changes 
wrought  by  previous  fires.  Thereafter  seedbeds  deteriorated  and 
understory  competition  increased.  Where  hardwood  sprouts  had 
2  to  3  years'  start  over  pine  seedlings,  the  pines  were  suppressed 
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everywhere  except  in  openings  that  happened  to  be  clear  of  expand- 
ing hardwood  crowns.  But  where  fire-killed  brush  must  start 
sprouting  at  the  same  time  that  pine  seedlings  start  to  grow,  the 
pines  emerge  successfully  in  many  situations. 

Controlled  burning  is  a  latter-day  development  in  managing  the 
loblolly  pine  type  of  forest.  Modern  silviculture  using  chemicals 
or  machines  as  well  as  fire  will  succeed  to  the  degree  that  it  effec- 
tively retards  the  natural  succession  toward  hardwoods.  These 
matters  will  be  discussed  further  in  the  chapter  on  natural  regenera- 
tion. 


In  ancient  time  the  Atlantic  and  Gulf  Coastal  Plains  were  under 
the  sea.  In  South  Carolina,  for  example,  the  coastline  was  inland 
about  60  miles,  reaching  the  northwest  boundaries  of  the  Brandy- 
wine  terrace  and  formation.  The  bid  shoreline,  now  about  270  feet 
above  sea  level,  extends  westward  at  one  point  to  Columbia  Cooke 
1936).  The  southeastern  Coastal  Plain.  120  to  150  miles  wide  in  the 
Carolinas.  has  a  sandy  mantle  that  originated  as  the  ocean  receded, 
leaving  at  least  six  recognized  terraces :  the  La  Fayette.  Coharie, 
Sunderland.  "Wicomico.  Chowan  !  Talbot  >.  and  Pamlico   Wells  1942). 

In  the  upper  part  of  the  northeastern  Coastal  Plain  many  of  the 
best  pine  sites  are  in  the  valleys  of  small  streams.  Poorly  drained 
moisture-holding  clays  and  clay  loams  seem  to  bring  maximum 
growth  (Cope  1923a),  but  regeneration  may  be  more  difficult  on 
fine-textured  than  on  coarse  soils  Diftler  1947  .  Westward  lob- 
lolly pine  occupies  extensive  uplands — much  of  the  Piedmont  Plateau, 
the  Ridge  and  Valley  Province  in  Alabama.  Tennessee,  and  north- 
west Georgia,  and  sections  of  the  Cumberland  plateau  in  Tennessee. 

In  studies  of  physiography  and  pine  growth  in  Arkansas.  Turner 
1937b  found  that  soil  features  affecting  available  water  were 
most  influential  in  determining  the  rate  of  growth.  These  features 
were  degree  of  slope  with  its  effect  on  drainage,  exposure  as  it  affects 
evaporation  loss,  and  the  character  of  the  soil  horizons — their  depth, 
position,  and  physical  structure.  The  steeper  the  slope  above  3 
percent  the  slower  the  growth  of  pine.  In  Arkansas  loblolly  pine 
is  seldom  found  on  slopes  greater  than  7  percent  Turner  1938  .  In 
this  study  three  qualities  of  loblolly  pine  lands  were  recognized  as 
follows : 
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Quality  I.  found  in  the  flood  plains  of  small  streams,  consisted  of 
fine  sandy  or  silt  loams  without  marked  profile  development  and 
with  plenty  of  moisture  and  good  drainage.  Quality  II  sites  showed 
distinct  profile  development,  shallower  surface  soil.  and.  in  some 
series,  imperfect  drainage.  Quality  III  showed  thin  surface  soil 
because  of  erosion  losses,  clay  or  gravel  subsoils,  and  sandy  profiles 
having  excessive  internal  drainage.  A  change  in  the  type  of  soil 
frequently,  but  not  always,  is  reflected  in  rates  of  timber  growth. 

Within  the  range  of  loblolly  pine  the  Piedmont  Plateau  is  more 
varied  in  type  of  forest,  quality  of  soil,  and  rates  of  timber  growth 
than  any  other  province.  The  physiographic  aspect  of  forest  sites 
in  the  southern  part  is  associated  with  the  rate  of  succession  toward 
hardwoods  and  the  difficulty  of  perpetuating  the  loblolly  pine  with- 
out planting.  The  relationship  is  discernible  in  the  effects  of  slope 
and  exposure  on  the  prevalence  of  broad-leaved  underbrush.  The 
hardwood  associates  are  most  abundant  in  bottom  lands  and  on 
steep  slopes.  For  example,  on  the  upper  part  of  slopes  with  a 
northeastern  exposure  the  underwood  composition  in  natural  sec- 
ond-growth stands  is  typically  as  follows : 


Gradient 

Hardwood 

Pine 

Mixed 

(jnrcent) 

( percent) 

1  percent) 

Gentle  

8 

71 

21 

Moderate  

20 

45 

35 

Steep  

63 

13 

24 

It  has  been  observed  on  the  Hitchiti  Experimental  Forest  in 
central  Georgia  that  loblolly  pine  can  usually  be  perpetuated  with- 
out hardwood  control  on  all  gentle  upper  slopes  and  on  moderate 
upper  slopes  with  a  southwestern  exposure.  Measures  to  control 
hardwoods  are  needed  on  steep  upper  slopes  with  a  southwestern 
exposure,  moderate  upper  slopes  with  a  northeastern  exposure,  and 
on  all  moderate  lower  slopes.  Because  of  hardwood  competition  lob- 
lolly pine  is  difficult  to  perpetuate  naturally  on  steep  upper  slopes 
with  a  northeastern  exposure  and  on  bottom  lands. 

Mo  istn  re  a  n  d  so  Us 

Many  loblolly  pines,  as  they  become  larger  and  need  more  room, 
die  from  lack  of  adequate  growing  space.  But  whether  the  principal 
direct  cause  of  death  is  a  deficiency  in  light  or  of  moisture  has 
long  been  a  controversial  question.  Usually  both  are  involved  in  a 
manner  that  makes  it  difficult  to  distinguish  between  them.  In 
tests  reported  by  Mann  1950c.  1952f)  competition  for  moisture 
first  seemed  to  be  the  more  intense,  but  later  some  evidence  indicated 
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that  a  deficiency  in  light  was  the  more  critical.  The  physiological 
balance  of  pine  is  easily  disturbed  by  decreased  light  when  soil 
moisture  is  adequate,  or  by  drought  when  light  is  adequate 
(Kozlowski  1947).  Lender  natural  conditions  the  effects  are  inter- 
dependent (Ferrell  1953).  Although  other  factors  are  often  involved, 
it  is  clear  that  competition  for  both  light  and  moisture  exerts  a 
major  influence  on  thrift.  Moisture  is  probably  the  more  important 
for  survival  and  light  for  the  growth  of  pine  seedlings.  Death  of 
the  "intolerant"  pine  permits  the  more  shade-tolerant  and  commonly 
slower  growing  hardwoods  ultimately  to  dominate  the  stand  and 
become  the  climax  in  the  natural  succession  (Korstian  and  Bilan 
1957). 

Temperature-moisture  relations,  often  important  in  drought, 
have  been  observed  in  connection  with  loblolly  pine  growth  in  south- 
western Louisiana  (Coile  1936).  Annual  growth  of  the  timber  in  a 
given  year  was  influenced  most  by  fluctuations  of  rainfall  during 
January  to  May  of  the  same  year.  Increases  in  rainfall  above  the 
mean  usually  resulted  in  an  increase  in  growth  under  any  condi- 
tion of  temperature;  high  temperatures  were  associated  with  low 
growth  and  low  temperatures  with  more  than  average  growth  (fig.  8), 
possibly  an  effect  of  loss  of  soil  moisture  through  evaporation.8 

A  general  concept  of  the  relationship  of  soil  moisture  and  the 
site  quality  of  pine  land  may  be  based  first  on  observation  of  soil 
drainage.  "Within  certain  limits,  poor  drainage,  either  on  the  sur- 
face or  within  the  soil,  may  be  associated  ivith  good  quality  pine 
sites  in  the  eastern  Coastal  Plain.  However,  poor  internal  drainage 
in  Piedmont  soils  usually  is  associated  with  lower  quality  sites. 

A  more  precise  concept  of  soil  and  site  in  the  eastern  part  of  the 
loblolly  pine  range9  requires  measurement  or  estimates  of  (1)  the 
depth  of  the  surface  soil  as  an  indication  of  the  space  available  to 
roots,  and  (2)  the  capacity  of  the  subsoil  to  imbibe  water. 

8  Xelson  (1959)  suggests  that  moisture  lost  to  the  atmosphere  from  forest 
soils  may  be  estimated  on  the  basis  of  its  relation  to  average  air  temperatures 
as  follows : 

Daily  mean        Evaporation        Daily  mean  Evaporation 
temperature  loss  temperature  loss 

(degrees  F.)  finches)  (degrees  F.)  (inches) 

50   0.02      70    0.14 

55  05      75  19 

60   07      80    25 

65  10       85  32 

9  This  concept  does  not  apply  to  the  upper  Coastal  Plain  west  of  the  Missis- 
sippi Eiver,  and  probably  does  not  hold  for  north  Mississippi.  Such  areas  are 
more  like  the  Piedmont. 
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Figure  8. — Combinations  of  temperature  and  rainfall  associated  with  above 
average  and  below  average  radial  growth  of  loblolly  pine  at  DeEidder,  La. 
(Coile  1936). 

The  imbibed  water,  or  imbibitional  water  value  (IWV)10  usually 
increases  with  increased  "fines"  (i.e.,  silt  and  clay  particles).  IWV 
reflects  plasticity  in  soil,  but  is  used  largely  as  a  measure  of  internal 
drainage  and  aeration.  The  subsoils  of  the  Piedmont  are  usually 
finer  textured  than  those  of  the  eastern  Coastal  Plain,  and  as  high 
site  quality  is  usually  associated  with  medium-textured  subsoils,  it 
seems  reasonable  that  the  site  quality  of  these  Coastal  Plain  soils 
should  increase  with  a  rise  in  imbibitional  water  values,  at  least  up 
to  a  point,  whereas  site  quality  of  Piedmont  soil  should  generally 
decrease  with  rising  values  of  imbibitional  water  (fig.  9).  However, 
part  of  the  reason  that  the  site  quality  of  eastern  Coastal  Plain 
soils  increases  with  an  increase  in  IWV  is  that  on  gently  sloping 
land  the  more  dense  subsoil  helps  to  maintain  a  constant  water  sup- 
ply in  a  "perched"  position,  whereas  in  the  hilly  Piedmont  the 
water  drains  away  more  rapidly  along  the  top  of  the  subsoil  and 
does  not  remain  in  its  perched  position  so  long.  In  the  rolling 
uplands  of  the  western  part  of  the  loblolly  pine  range,  the  soil  mois- 
ture relations  resemble  those  of  the  Piedmont  Plateau  more  closely 
than  those  of  southeastern  Coastal  Plain.    The  use  of  IWV  in 

10  IWV — the  capacity  of  a  soil  to  imbibe  water — is  associated  with  colloidal 
content.  It  is  a  useful  indication  of  the  physical  properties  of  B  horizons 
favorable  to  pine  trees  on  the  Piedmont  Plateau  (Coile  1942).  In  laboratory 
determinations  it  is  the  difference  between  the  moisture  equivalent  and  the  xylene 
equivalent. 
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DEPTH  OF   A   HORIZON  (INCHES) 

Figure  9. — Site  index  of  loblolly  pine  in  the  lower  Piedmont  region  as  in- 
fluenced by  two  significant  soil  variables:  IWV  of  subsoil  and  thickness 
of  surface  soil  (Coile  1948). 

quantitative  estimates  of  site  quality  is  discussed  in  the  final  sec- 
tion of  this  chapter. 

Transpiration 

The  evaporation  of  moisture  from  foliage  or  other  living  plant 
tissue  into  the  air  is  called  transpiration.  The  formation  of  100 
grams  of  cellulose  requires  55  grams  of  water,  but  while  a  tree  in- 
creases its  weight  by  100  grams,  it  loses  in  transpiration  perhaps 
50,000  grams  of  water.  Loblolly  pine  trees  use  about  750,000  gallons 
of  water  to  grow  a  cord,  or  about  2,000  tons  of  water  to  grow  a  ton 
of  dry  wood.  In  a  normal  growing  season  in  the  mid-South,  tran- 
spiration and  evaporation  from  pine  forests  return  about  30 
acre-inches  of  water  to  the  atmosphere  (Zahner  1956). 

Differences  in  per-acre  transpiration  between  evergreen  and  decid- 
uous trees  are  small  in  loblolly  pine  forest  (Zahuer  1955a).  Moisture 
loss  per  unit  of  leaf  surface  is  higher  for  hardwoods  than  for  loblolly 
pine,  but  the  loss  per  unit  of  crown  volume  may  be  no  higher  for  hard- 
woods. It  is  fortunate  for  pine  seedlings  that,  when  the  harvest  of 
larger  trees  floods  the  forest  floor  with  light,  the  cutting  also 
temporarily  reduces  the  transpiration  drain  on  soil  moisture  sup- 
plies.   Release  cuttings  may  be  necessary  subsequently  to  check  the 
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tendency  for  transpiration  to  rise  once  more  with  the  regrowth  of 
sprouting  hardwoods  and  again  make  heavy  demands  on  soil  moisture. 

The  rate  of  transpiration  increases  with  soil  moisture,  the  satura- 
tion deficit  of  the  air,  and  also  with  light  intensity,  provided  there  is 
an  abundant  supply  of  moisture  (Raber  1937)  and  roots  remain 
uninjured  by  flooding. 

The  transpiration  of  pine  seedlings  as  affected  by  their  own  de- 
velopment, time  of  year,  and  condition  of  air  and  soil  can  be  listed 
as  follows : 

Transpiration  rate  tends  to  he — 

Greater  for —  Than  for — 

Light-grown1   Shade-grown 

Second-year2   Third-year 

High    temperature3  Low  temperature  (fig.  10,  A) 

Good  root   development2   Poor  root  development   (fig.  10,  B) 

Moist   soil   Dry  soil  (fig.  10,  C) 

Well-aerated   soil  Poorly  aerated  soil 

Warm  .  soil  Cold  soil 

October-November2  December-January 

Low  humidity  High  humidity 

Good  light4  Poor  light  (fig.  10,  A  and  C) 

Sun  leaves  Shade  leaves 

Windy  weather  Calm  weather 

1  If  atmospheric  conditions  are  favorable. 

2  If  it  is  computed  per  unit  of  area  of  foliage. 

3  Through  its  effect  on  humidity. 

4  Provided  the  moisture  supply  is  abundant. 

Basis:  Raber  1937,  Kramer  1912,  Kozlowski  1913  and  1917,  and  Parker 
1919  and  1950a. 

Air  and  soil  temperatures  are  important  factors  influencing  the 
rate  of  transpiration.  In  one  test  with  loblolly  pine  seedlings, 
autumn  (October-November)  transpiration  rate  averaged  more  than 
twice  the  winter  (December- January)  average  maximum  rate 
(Kozlowski  1941  and  1943).  As  soil  gradually  cools  transpiration 
decreases  as  follows  (Kramer  1942)  : 

Soil  temperature  Transpiration 
(degrees  C.)                            (percent  of  rate  at  25°  C.) 

25   100 

20   80 

15   60 

10   10 

5   30 

0   12 

Below  5°C.  (41°F.)  the  transpiration  rate  drops  rapidly.  Plants 
native  to  warm  climates  and  normally  growing  in  warm  soils  reduce 
their  intake  of  water  when  the  soil  is  chilled  more  than  do  the  plants 
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TIME   OF  DAY 


LOBLOLLY  PINE 


0  0,2       0,4       0,6       0.8        1,0        1.2        1,4  1.6 

ROOT    AREA  DIVIDED   BY  LEAF  AREA 


Figuke  10. — The  rate  at  which  moisture  moves  through  loblolly  pine  seedlings 
varies  with  time  of  day,  root-top  ratios,  and  soil  moisture:  A,  Diurnal 
variation  on  a  hot  summer  day  showing  absorption  (dotted  line)  lagging 
behind  transpiration  (solid  line)  (Kramer  1936)  ;  B,  increase  in  transpira- 
tion with  root-foliage  surface  ratios  (Parker  1949)  ;  C  and  D,  increase  with 
moisture  in  the  soil  for  oak  and  pine  at  two  intensities  of  light  (Kozlowski 
1947). 
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that  normally  grow  in  cool  soil.  The  lag  in  absorption  behind 
transpiration  for  loblolly  pine  (fig.  10,  A)  is  similar  to  that  of 
other  species.  Pines  transpire  more  per  unit  of  leaf  area  when 
they  are  well  rooted  (fig1.  10,  B),  but  approach  the  maximum  only 
when  soil  moisture  is  high  (fig.  10,  C).11 

The  transpiration  rate  of  a  forest  may  be  estimated  from  measure- 
ments of  the  rate  of  soil  moisture  depletion.  Zahner  (1955a)  esti- 
mated water  loss  during  hot  weather  to  be  about  0.25  inch  per  day. 
He  calculated  further  that  a  single  loblolly  pine  tree  10  inches  in 
d.b.h.,  whose  crown  occupies  300  square  feet  of  forest  area,  w7ill 
transpire  about  50  gallons  of  water  in  one  24-hour  period  on  a  hot 
summer  day  when  the  ground  is  moist. 

In  view  of  the  practical  difficulty  in  estimating  transpiration  ac- 
curately in  forests,  an  understanding  of  the  conditions  that  tend  to 
raise  or  lower  it,  as  listed  above  for  pine  seedlings,  is  more  useful 
than  any  quantitative  estimate  of  moisture  loss. 

Flooding  and  drainage 

For  pine  trees  a  uniformly  moist  or  damp  soil  is  preferable  to 
either  a  dry  or  wet  one  or  to  one  subject  to  great  extremes  of  moisture 
or  drought  (Ashe  1915).  Unlike  cypress,  the  roots  of  loblolly  pine  are 
relatively  susceptible  to  injury  by  flooding. 

Where  loblolly  pine  seedlings  were  observed  standing  in  saturated 
soil  for  10  months  the  tops  were  not  visibly  affected  but  the  roots 
were  severely  injured.  A  12-week  study  to  observe  the  effects  of 
various  degrees  and  methods  of  flooding  on  loblolly  pine  tested  (1) 
continuous  flooding  with  standing  water,  (2)  with  flowing  water, 
(3)  2  w^eeks  flood  alternating  with  2  weeks  in  soil  with  moisture  at 
field  capacity,  and  (4)  drainage  control  with  moisture  at  field  capac- 
ity (Hunt  1951).    The  seedlings  proved  surprisingly  resistant  to 

11  Studies  of  pine  transpiration,  all  based  on  small  seedlings,  fail  to  reveal 
the  water  loss  from  larger  trees.    To  approximate  this  it  is  necessary  to  esti- 
mate amount  of  foliage.     Branch  by  branch  foliage  estimates  may  be  made 
somewhat  laboriously  using  this  formula    (Young  1948)   for  loblolly  pine: 
Needle  volume  in  cubic  centimeters  for  a  branch  equals 
—  70.9  +  255.3  diameter  (inches)  +  5.3  diameter  times  length  (inches) 
—  7.4  position  +  1.1  site  index  (feet) 
where  position  is   determined  by  counting  branches  or  whorls  back  from  the 
tip  (considered  position  1).    Actually,  however,  transpiration  is  probably  more 
closely  correlated  with  the  surface  than  with  the  volume  of  leaves.     The  sur- 
face area  of  loblolly  pine  needles  is  related  to  their  volume  as  follows  (Kozlowski 
and  Schumacher  1943): 

8  =  6.078  +  70.880   (F  -  0.0621)  where 

S  =  transpiring  surface  in  square  centimeters, 

V  =  volume  of  needles  in  cubic  centimeters. 
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injury  by  flooding.  A  continuous  flood  with  stagnant  water  for  12 
weeks  produced  seedlings  with  a  lower  oven  dry  weight,  but  it  re- 
duced growth  only  slightly.  Alternate  drying  and  flooding  with 
ruuning  water  for  7  months  reduced  growth  and  injured  the  roots 
but  not  the  tops. 

The  development  of  loblolly  pine  trees  in  the  Coastal  Plain  is  also 
influenced  by  the  degree  of  surface  drainage  and  the  depth  of  rela- 
tively impermeable  layers  of  soil.  Growth  is  best  where  drainage  is 
"'poor."  the  permeable  soil  layers  deep  (fig.  11),  and  fluctuations 
of  ground  water  moderate. 
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Figubz  11. — Moisture  relations  on  Coastal  Plain  soils:  A,  Effect  of  drainage 
on  height  attained  by  loblolly  pine  at  various  ages:  B.  effect  of  soil  depth 
on  site  index  for  one  class  of  soil  ((raiser  1950'. 


Site  quality  for  pine  may  be  reduced,  however,  by  unfavorable 
average  levels  of  ground  water.  Drainage  can  be  so  poor  that  the 
water  table  often  lingers  close  to  the  surface  too  long  for  the  de- 
velopment of  a  healthy  root  system.  Under  moderate  drainage  ample 
layers  of  soil  with  moisture  above  the  wilting  point  are  available 
to  the  pines.  "Where  drainage  is  "good"'  the  water  table  is  fre- 
quently too  deep  to  supply  any  of  the  moisture  needed  by  tree 
roots — a  difficulty  most  apparent  where  the  deep  soil  is  all  coarse 
sand  and  where  droughts  occur.  Hence  on  the  best  pine  sites  the 
ground-water  depth  is  intermediate  between  these  extremes  with  an 
average  of  5  to  10  feet    Ashe  1915). 

Many  pine  stands  in  the  Coastal  Plain  remove  enough  water 
from  the  soil  through  transpiration  to  keep  the  ground  water  down 
to  a  safe  level.  The  water  table  is  much  lower  and  less  fluctuating 
under  selection  cutting  of  pine  than  under  clear  cutting.  This  was 
shown  by  observation  in  the  autumn  of  1953  of  a  series  of  ground- 
water wells  8  feet  deep  in  a  forest  on  rather  impermeable  Bladen 
soil  in  Hertford  County.  X.  C.  I  Trousdell  and  Hoover  1955)  (fig. 
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12).  Here  during  one  2-week  period,  a  rainfall  of  3.21  inches  raised 
the  water  table  in  the  clear-cut  area  3  feet  and  in  the  selection 
eutting  less  than  1  foot.  Forest  transpiration  appears  to  have  a 
natural  stabilizing  effect  on  ground-water  levels. 


DISTANCE  (CHAINS) 

Figure  12. — Effect  of  the  forest  itself  on  the  measured  depth  of  ground  vrater 
in  impermeable  Bladen  soil,  Hertford  County,  X.  C,  on  two  dates  in  the 
autumn  of  1953   (Trousdell  and  Hoover  1955). 

Artificial  control  of  the  water  table,  as  in  rice  culture,  is  seldom 
used  in  forestry,  but  is  being  applied  with  striking  effect  in  the 
culture  of  loblolly  pine  at  one  point  in  South  America.  A  private 
company  is  planting  this  species  for  pulpwood  in  deep  silt  on  Parana- 
delta  land  in  Argentina.  There  the  water  table  normally  fluctuates 
up  to  or  above  the  surface  as  the  river  level  rises  with  each  flow  of 
the  tide,  but  is  artificially  controlled  by  flood  gates  in  drainage 
ditches.  The  favorable  effect  of  this  control  is  reflected  in  outstand- 
ing growth  of  pine — the  dominant  trees  exceeding  7  inches  in  d.b.h. 
and  reaching  40  feet  in  height  in  8  years.  The  yield  from  trees 
spaced  6  by  6  feet  was  over  4.000  cubic  feet  per  acre  at  10  years.12 
Such  growth  surpasses  the  best  to  be  expected  of  pine  from  upland 
sites. 

The  reclamation  of  certain  swamp  lands  in  the  "Tufted  States 
likewise  presents  opportunity  to  grow  pine  rapidly.    Maki  (1955) 

12  Personal  communication  to  the  author  from  Lamberto  Golfari,  Las 
Carabelas  S.A.  Commercial  E  Industrial  de  Tierras  Y  BnRoues,  May  31,  1955. 
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has  reported  the  need  for  drainage  of  extensive  wet  lands  in  eastern 
North  Carolina.  These  are  half -bog  *  *  pocosin-inargin  lands  with 
deep  organic  loam  soils.  They  now  support  pond  pine,  but  are  suit- 
able for  loblolly  pine  if  drained.  The  potential  site  index  for  lob- 
lolly pine  is  high.  \Yhere  a  canal  lowered  the  water  table  back  1.000 
feet  and  improved  the  physical  properties  of  the  soil  the  growth 
of  pine  was  increased  in  a  border  strip  at  least  600  feet  wide.  The 
growth  study  plots  there,  supplying  the  data  for  table  4.  are  in  a 
plantation  still  too  young  to  have  approached  the  culmination  point 
in  mean  annual  growth. 

Table  4. — Effect  of  distance  from  a  drainage  canal  on  depth  of  ground 
water  and  on  the  growth  and  yield  of  loblolly  pine  planted  on  organic 
soil  (Maki  1955) 

LobloUy  pine  at  17  years 


Mean  annual 

Distance  from  canal    Depth  of  Average         Average        Yield  per  increment 

(feet)  water  table1         d.b.h.  height  acre  per  acre 


Inches  Inches  Feet  Cu.ft.  Cu.  ft. 

200                              20.1  5.9  38  2.600  153 

300                             17.5  5.4  33  2,000  118 

400                             15.5  5.1  32  1.550  91 

500                             13.8  4.8  29  1.200  71 

600   4.7  2S  1.000  59 

Xot  drained   3.0  17  199  12 


1  Average  depth  as  sampled  in  3  compartments  in  the  9th  year  in  the  Hofmann  Forest,  Onslow  County,  N.  C. 
iPruht  1947  . 


Although  the  outstanding  effects  of  drainage  were  confined  to  a 
strip  within  300  feet  of  the  canal,  the  response  was  obtained  without 
the  benefit  of  lateral  ditches.  It  would  appear  that  wherever  sub- 
soils are  sufficiently  permeable  and  the  lay  of  the  land  favorable,  a 
drainage  system  is  warranted  in  terms  of  expected  increases  in  wood 
production. 

NUTRITION  AND  SOILS 

Trees,  like  other  plants,  make  use  of  a  dozen  or  more  chemical 
elements  ■  principally  C.  O.  H.  X.  P.  K.  but  also  Ca.  Mg.  S.  and 
Fe).  Other  so-called  trace  elements  are  needed  by  loblolly  pine  only 
in  the  minute  quantities  found  in  nearly  all  soils.  Sixty  percent 
of  the  wood  is  cellulose  CeH10O5  x.  Carbon,  oxygen,  and  hydrogen, 
readily  available  from  air  or  water,  form  the  bulk  of  the  tree,  but 
phosphorus,  potassium,  and  especially  nitrogen,  obtainable  from  soil, 
may  be  deficient.  Phosphorus  is  needed  especially  for  growing  points 
and  seeds:  potassium  for  synthesis  of  sugar  and  for  cell  division: 
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and  nitrogen  for  the  formation  of  protoplasm.  Of  the  minor  ele- 
ments magnesium  is  important  because  it  is  an  essential  element  in 
the  formation  of  ehlorophyl.  Dark  green  healthy  foliage  is  one  re- 
sponse of  loblolly  pine  when  the  absorption  of  nitrogen  is  adequate. 
From  25  to  100  parts  per  million  is  sufficient  in  a  nutrient  solution 
(Fewells  and  Krause  1959  .  Any  surplus  that  may  be  deposited  in 
the  needles  in  the  current  year  may  be  translocated  to  foliage  formed 
the  following  year.  Height  growth  may  not  be  affected,  but  the 
stimulation  of  diameter  growth  in  saplings  may  last  2  years  from 
a  single  application  of  nitrate  fertilizerj  As  shown  by  analysis  of 
the  ash.  minerals  from  the  soil  are  less  than  1  percent  of  the  whole 
tree. 

XutrUnts  for  pine 

Nutrition  for  pine  has  not  been  extensively  studied,  but  a  few 
results  using  loblolly  pine  are  on  record.  These  scattered  tests  are 
reported  here  to  aid  in  understanding  instances  of  malnutrition  or 
judging  the  need  for.  or  feasibility  of.  fertilization.  Myeorrhizae 
may  supply  vitamins,  auxins,  and  amino  compounds  as  well  as  carbo- 
hydrates to  the  roots.13 

Total  reserve  food  per  plant  is  greater  in  sun-grown  than  in 
shade-grown  pine.  In  forests  specific  differences  in  nutrition  affect 
the  competitive  relations  of  trees.  Deciduous  species  have  their  maxi- 
mum food  reserves  accumulated  by  early  autumn,  whereas  southern 
pines  have  a  minimum  in  reserve  at  that  time — accumulating  carbohy- 
drates later  in  winter  while  hardwoods  are  devoid  of  leaves  |  Hepting 
1945a.  Kozlowski  1947  .  A  close  relation  appears  to  exist  between 
slash  and  loblolly  pines  in  their  uptake  of  such  elements  as  aluminum 
and  phosphorus,  though  the  nutritional  requirements  appear  to  be 
different. 

Both  pine  and  oak  litter  have  an  acid  reaction,  though  it  may  be 
less  evident  where  the  climate  is  dry.  In  a  study  made  in  the  Bastrop 
region  of  Texas — a  "pine  island"'  of  about  40  square  miles— the 
soil  was  sampled  in  17  places  where  loblolly  pines  were  dominant. 
The  observed  pH  values  ranged  from  4.6  to  7.3.  and  were  typically 

13  A  laboratory  experiment  in  Queensland  (Young  1947 ^  showed  that  lob- 
lolly pine  can  exist  and  even  grow  in  an  atmosphere  free  of  carbon  dioxide  if 
the  source  of  nutrients  is  under  control.  Mycorrhizal  fungi  were  able  to  pro- 
duce soluble  carbohydrate  from  cellulose  in  sufficient  quantities  to  support 
the  growth  of  seedlings  in  sand  culture  in  the  absence  of  photosynthesis.  Also 
maltose  in  the  absence  of  mycorrhizae  can.  as  a  soil  nutrient,  substitute  for 
photosynthetic  activity  to  some  extent. 
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6.7  (Berkman  1928).  These  high  values  are  associated  with  low 
rainfall. 

Loblolly  pine  soils  normally  have  a  medium  acid  reaction  near 
the  surface  and  tend  to  be  less  acid  with  increasing  depth  (Wherry 
1922).  An  example  of  the  pH  of  the  forest  floor  and  mineral  soil 
beneath  is  found  in  the  following  acid  reaction  of  a  soil  profile  under 
a  loblolly  pine  stand  on  the  Duke  Forest  in  the  Piedmont  (Coile 
1933  and  1937a) : 


Soil  layer    Range  of  Basis: 

Active  reaction,  Xo.  of 

pH         acidity         pH  samples 

Litter                          4.2           630  3.8-4.8  18 

Fermentation                4.2           630  3.S-5.1  18 

Humus                         4.7           200  4.2-5.9  17 

0-2  inches                    6.0             10  5.4-6.5  17 

6-8  inches                   5.8             16  5.7-6.5  18 

16-18  inches                  6.1               8  5.9-7.0  17 


Calcium  helps  make  other  components  of  fertility  more  readily 
available  from  the  soil,  and  the  indications  of  its  deficiency  have 
been  observed  in  loblolly  pine.  Two  sets  of  seedlings  were  grown 
one  year  at  2  to  5  p. p.m.  versus  200  p. p.m.  of  calcium  (Davis  1949). 
The  symptoms  of  calcium  deficiency  in  pine  were  six:  (1)  terminal 
buds  were  smaller  and  had  dead  scales.  (2)  stem  tips  were  smaller 
and  pointed.  1 3 1  leaf  cells  were  fewer  and  smaller.  (4)  areas  of 
xylem  and  phloem  were  smaller,  (o)  epidermal  and  hypodermal  cell 
walls  were  thicker,  (6)  root  tips  were  blunt  and  cell  division  was 
retarded. 

It  was  observed  in  Australia  that  a  light  top  dressing  of  copper 
sulfate  stimulated  loblolly  pine  and  reduced  the  incidence  of  the 
fused  needle  disease  (Young  1940).  Zinc  is  a  trace  element  essential 
in  small,  or  poisonous  in  large  amounts.  As  a  group,  the  pines  are 
relatively  resistant  to  zinc  poisoning,  and  loblolly  pine  requires  zinc 
at  approximately  0.1  p. p.m.  for  continued  normal  growth.  It  usually 
gets  this,  but  it  can  tolerate  a  low  concentration  of  nutrient  zinc 
somewhat  better  than  can  shortleaf  pine  ("Wilson  1953).  In  parts  of 
southern  Australia  the  application  of  zinc  to  needles  in  the  form  of 
a  2y2  percent  solution  of  zinc  sulphate  has  become  a  standard  step 
in  plantation  practice  (Moulds  1957)  to  avoid  a  number  of  growth 
disorders. 

The  principal  elements  (N,  P.  and  K)  cannot  be  economically 
supplied  in  a  complete  fertilizer  as  in  agriculture,  and  may  be 
deficient  in  the  forest  though  the  amount  needed  is  relatively  small. 
Australian  experience  with  loblolly  pine  indicates  the  limiting  mini- 
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mum  amount  of  phosphorus  pentoxide  content  in  surface  soil  to  be 
135  p. p. m.  The  fertilizer  practice  is  to  add  enough  P205  to  the  top 
4  inches  to  bring  its  content  up  to  150  p. p.m.  In  the  United  States 
comparable  studies  of  deficiencies  in  specific  elements  have  not  been 
made.  Harper  (1917)  suggests,  however,  that  at  least  in  the  Virginia 
part  of  the  loblolly  pine  belt,  where  the  metamorphic  rocks  are  high 
in  potassium  content,  such  deficiencies  are  unlikely  to  develop.  Parts 
of  South  Carolina  are  probably  above  the  average  in  calcium,  phos- 
phorus, and  iron  on  account  of  the  occurrence  of  these  elements  in 
underlying  soil  parent  materials. 

Our  knowledge,  now  scanty,  of  the  absorption  and  utilization  of 
nutrients  by  trees  may  soon  be  increased  through  the  modem  tech- 
nique of  using  radioactive  isotopes  as  tracers.  Already  some  studies 
with  loblolly  pine  have  indicated  that  the  mycorrhizal  parts  of  its 
roots  can  accumulate  much  larger  quantities  of  phosphorus  than  the 
noiimycorrhizal  parts  (Kramer  and  Wilbur  1949).  When  an  11- 
year-old  loblolly  pine  plantation  near  Franklin,  Va.,  was  studied 
with  P  32  as  a  tracer,  the  rate  of  translocation  in  stem  and  roots  to- 
gether was  1.20  meters  per  hour  and  the  rate  in  roots  was  1.42  meters 
per  hour  (Moreland  1950a  and  1950b).  Many  more  such  studies  and 
fundamental  experiments  with  fertilizers  are  needed  before  any 
nutrition  problems  can  be  resolved  in  actual  practice. 

Current  studies  with  fertilizers  on  upland  Coastal  Plain  soils 
of  moderate  fertility  in  south  Arkansas  indicate  that  the  height 
growth  on  5-  to  8-year-old  loblolly  pines  is  unresponsive  to  any  ferti- 
lizer, and  that  diameter  growth  responds  to  nitrogen  only  (Zahner 
1957a).  A  single  application  of  100  pounds  of  nitrogen  per  acre 
brought  an  increase  of  10  percent  in  five-year  diameter  growth. 
Foliar  analysis  showed  that  the  trees  absorbed  and  stored  nitrogen 
in  proportion  to  the  amount  applied.  During  the  second  season  this 
extra  nitrogen  was  translocated  from  the  old  to  the  new  foliage. 

The  availability  of  nitrogen  to  pines  is  affected  both  by  soil  acidity 
and  by  the  form  of  nitrogen.  Loblolly  pine  can  utilize  ammoniacal 
nitrogen  more  readily  from  a  neutral  soil  and  nitrate  nitrogen  more 
successfully  from  an  acid  soil  (Addoms  1937).  Where  it  is  desired 
to  increase  the  content  of  nitrogen  and  calcium  in  the  surface  soil, 
it  can  be  done  by  favoring  an  understory  of  hardwoods.  A  study  at 
the  Calhoun  Experimental  Forest  near  Union,  S.  C,  showed  the  fol- 
lowing turnover  in  quantities  per  acre  of  elements  returned  to  the 
soil  in  falling  litter: 
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1 1  -year -old  Average  of  three 

loblolly  pine  hardwood  stands 

(  pounds  )  ( pounds  ) 

Nitrogen                                              15  26 

Calcium                                             21  88 

Leaf  fall                                         4,476  3,818 

All  litter  (leaves,  twigs,  bark,  and 

fruit)                                        5,619  4,502 


Thus  for  hardwoods  the  nitrogen  returned  to  the  soil  is  nearly  dou- 
ble and  the  calcium  four  times  that  for  loblolly  (Metz  1952b). 

Soils  under  pure  and  mixed  stands 

Early  evidence  seemed  to  indicate  that,  in  European  forests  where 
species  were  planted  in  pure  stands  outside  their  natural  ranges,  a 
slow  decline  in  timber  yields  might  be  attributed  to  monoculture. 
However,  there  seems  to  be  little  basis  for  believing  that  purity  in 
stands  of  native  species  inevitably,  or  even  generally  in  the  Coastal 
Plain,  leads  to  soil  deterioration  and  lowered  production,  although 
it  may  possibly  do  so  on  the  Piedmont  Plateau. 

In  recognizing  soil  characteristics  that  have  most  effect  on  forest 
growth,  it  is  well  to  distinguish  between  those  which  are  not  readily 
changed  and  those  which  can  be  improved.  The  inherent  and  rela- 
tively static  characteristics  of  soils  are  those  resulting  from  the 
parent  material,  its  topographic  position,  and  the  amount  of  erosion 
that  has  taken  place.  The  changeable  characteristics  concern  the 
nature  of  organic  debris  and  the  environment  under  which  it  de- 
composes— for  this  influences  the  nature  of  decomposition  products, 
humus  types,  and  soil  fertility  (Coile  1937b). 

Most  conifers  have  less  beneficial  influence  on  the  soil  than  the 
hardwoods  (Chandler  1939).  Leaf  fall  from  many  species  of  decid- 
uous trees  is  helpful.  The  chemical  nature  of  litter  from  certain 
ones,  particularly  the  high  calcium  ones,  is  such  that  decomposition 
is  rapid  and  relatively  complete;  included  in  this  group  are  dog- 
wood, ash,  yellow-poplar,  redbud,  sweetgum,  and  hickory.  The  litter 
from  other  trees  decomposes  slowly  and  incompletely;  these  species 
include  white  oak,  post  oak,  red  oak,  black  oak,  blackjack  oak, 
shortleaf  pine,  and  loblolly  pine  (Coile  1940).  The  soil  building 
superiority  of  the  first  group  is  indicated  by  relative  dry  weight  of 
constituents  of  the  mature  undecomposed  litter  of  dogwood  as  com- 
pared with  that  of  pine. 

Loblolly  pine     Flowering  dogwood 
(  percent )  (  percent) 


Nitrogen   0.891  0.999 

Carbon   53.0  48.3 

Ash.   3.0  7.7 

Calcium   0.4  3.3 
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Extensive  research  on  soils  in  connection  with  the  littleleaf  disease 
of  pines  has  shown  that  where  calcium  is  high  in  surface  soils,  the 
calcium-potassium  ratio  is  favorable,  the  soil  favors  utilization  of 
nitrogen  in  the  form  of  ammonia,  the  nitrification  process  remains 
normal,  and  the  physical  structure  is  favorable.  Furthermore  in 
such  soils  the  rate  of  incorporation  of  organic  matter  in  the  mineral 
soil  is  relatively  rapid  because  of  the  favorable  build-up  among 
bacteria,  actinomycetes,  and  soil  fauna  generally.  This  all  leads  to 
comparatively  high  availability  of  nutrients  where  the  high  calcium 
hardwoods  are  retained  as  a  component  of  the  loblolly  pine  forest. 

Organic  matter 

The  oven-dry  weight  of  litter  under  loblolly  pine — either  pure  or 
mixed  with  shortleaf — may  vary  from  20,000  to  30,000  pounds  per 
acre  (Korstian  1939).  Metz  (1952a,  1954),  studying  the  quality  of 
Piedmont  soils  in  the  Calhoun  Experimental  Forest  near  Union, 
S.  C,  found  the  annual  litter  fall  per  acre  from  two  loblolly  pine 
stands  of  103  square  feet  of  basal  area  each  to  be  as  follows: 

All  species:  Total  for  all 
Origin  and  age  of    Pine  needles    twigs,  bark,  and  species 

stand  only  (pounds)1  fruit  (pounds)1  (pounds)^ 

Planted,  10  years.    3,771  +  127  288  +  122  4,059  +  245 

Natural,  25  years2  4,476  +  108       1,143  +  145  5,619  +  246 

1  Second  figure  is  standard  error  of  mean. 

2  Composition:  75  percent  pine  and  25  percent  hardwood. 

On  the  Duke  Forest  Coile  (1940)  found  the  thickness  of  litter 
under  loblolly  pine  on  Georgeville  stony  clay  loam  to  be  1.25  inches  at 
10  years.  Under  undisturbed  conditions,  accumulation  there  may  be 
expected  to  continue  for  at  least  30  years  at  the  rate  of  about  0.025 
inch  annually.  Generally  at  a  given  age  in  pine  stands,  not  only 
the  depth  of  surface  litter,  but  also  the  amount  of  organic  matter 
entering  the  soil,  are  greater  for  fine-textured  soils  and  sites  of  high 
timber-growing  quality.  Korstian  (1939)  found  the  amount  of 
organic  matter  in  the  upper  2  inches  to  be  6.4  percent  in  a  fine- 
textured  soil  and  only  3.6  percent  in  a  coarse  soil. 

The  amount  of  litter  decreases  as  succession  towards  hardwoods 
progresses.  The  quantity  of  organic  matter  and  nitrogen  in  the 
surface  foot  of  mineral  soil  is  appreciably  less  under  the  pine  stands 
than  under  the  hardwoods,  while  the  mixed  stands  are  intermediate 
(fig.  13).  Organic  matter  decomposes  more  rapidly  beneath  the  hard- 
woods. Where  soils  have  been  depleted  by  past  agricultural  use, 
where  pines  are  growing  poorly,  and  where  understory  soil  builders 
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Figuhe  13. — Distribution  of  organic  matter  on  and  in  the  ground  under  three 
types  of  Piedmont  forest  in  South  Carolina  (adapted  from  Metz  1954). 

like  dogwood  and  redbud  can  be  grown,  they  should  be  favored 
because  they  benefit  the  site. 

Soil  fauna 

The  mantle  of  undecomposed  litter  over  forest  soils  serves  as  a 
mulch  moderating  the  rate  of  change  in  temperature  and  moisture 
at  the  surface  of  the  soil — effects  that  are  largely  physical.  Few 
chemical  changes  benefiting  soil  fertility  accrue  until  the  raw  or- 
ganic debris  has  decomposed  and  become  incorporated  as  humus 
within  the  mineral  soil.  In  this  process  the  soil  fauna  is  most 
valuable. 

The  many  animals  in  forest  litter  and  soil  induce  much  of  the 
decomposition  that  improves  soil  for  the  growth  of  trees.  Through 
these  organisms  the  soil  is  turned  over  and  aerated,  and  its  minerals 
are  made  more  readily  available. 

In  a  loblolly  pine  stand  in  the  Duke  Forest,  Pearse  (1943,  1946) 
collected  macroscopic  animals  in  litter  and  soil  every  3  months  for 
5  years.  In  the  litter  on  an  undisturbed  forest  area  he  found 
numerous  earthworms,  centipedes,  millipedes,  beetles,  scarabaeid 
larvae,  tenebreonid  and  elaterid  larvae,  roaches,  Machilis,  mites,  and 
spiders.  Some  of  these  small  creatures  often  migrate  from  the  litter 
up  tree  trunks  to  seek  food  or  avoid  excessive  moisture.    In  another 
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study  in  the  same  forest  Ramsay  (1941)  examined  147  square  feet  of 
pine  bark  at  all  seasons.  Some  1,479  animals  were  found — about  10 
per  square  foot.  A  total  of  137  identified  species  included  78  insects, 
48  spiders,  6  centipedes,  1  snail,  1  phalangid,  and  3  mites.  The  num- 
bers were  progressively  fewer  from  1  to  3  feet  above  ground — 
indicating  a  home  base  in  or  under  the  forest  floor. 

The  organisms  in  the  soil  have  a  more  stable  habitat  than  the 
ones  in  the  litter.  Those  in  the  soil  suffer  less  from  extremes  of 
temperature,  radiation,  and  desiccation.  Many  of  them  can  live 
with  low  concentrations  of  oxygen  and  therefore  have  slow  rates  of 
metabolism.  Probably  less  than  5  percent  of  them  penetrate  clay  or 
sand  deeper  than  2  inches.  Organic  remains  in  soil  usually  make  it 
more  favorable  for  animals  by  providing  food  and  by  making  soil 
more  porous,  aerated,  and  penetrable.  Variations  in  temperature  and 
acidity  influence  distribution  less  than  does  moisture.  The  layer  of 
litter  serves  as  a  loose  organic  blanket  valuable  as  shelter  for  soil 
animals  that  may  be  temporarily  deprived  of  air  during  rain  storms. 

The  effect  of  human  interference  on  this  habitat  was  observed  in 
one  of  the  Duke  University  experiments  (Pearse  1943).  One  loblolly 
pine  plot  was  left  intact,  one  burned  over  every  2  years,  and  another 
cleared  of  litter  every  2  years.  From  each  of  these  plots  the  soil 
animals  obtained  in  collections  made  every  3  months  during  5  years 
from  35  square  feet  of  litter  and  soil  to  a  depth  of  3  inches  were 
as  follows: 

Animals  In  litter  In  soil 

Surface  (number)  (percent)  (percent) 

Intact   2,278  74  26 

Burned  over   868  76  24 

Raked   718  21  79 

Surface  burning  was  apparently  not  as  detrimental  as  complete 
removal  of  forest  litter.  Without  litter  and  with  few  soil  animals 
forest  soils  tend  to  become  barren  and  unproductive. 

ROOT  AND  SHOOT  GROWTH 

Living  roots  provide  the  water,  minerals,  and  anchorage  trees 
need  to  survive ;  dead  roots  supply  the  soil  with  humus,  improve  its 
physical  structure,  and  leave  channels  for  deep  percolation  of  water. 
For  loblolly  pine,  the  quantity  of  roots  produced,  the  competition 
they  face,  the  soil  conditions  encountered,  the  temperatures  in- 
volved, all  have  an  effect  on  growth.  Shoot  development,  too,  is 
limited  by  such  factors  as  moisture,  light,  and  temperature. 
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Boot  adequacy 

Among  the  southern  pines  loblolly  and  shortleaf  have  the  greatest 
quantity  of  absorbing  roots  in  proportion  to  the  top.  and  young 
loblolly  has  the  most  diffuse  root  system  |  AVakeley  1935b  ). 

The  roots  formed  by  small  plants  like  loblolly  pine  seedlings  in 
their  first  season,  or  early  years  before  they  become  firmly  established, 
are  vital  to  survival  in  the  forest.  The  silvieulturist.  who  may  be 
able  to  offer  '"first  aid.'"  needs  to  understand  the  competitive  status 
of  pine  seedlings  and  their  associates  during  this  critical  period. 
For  example,  pine  seedlings  may  be  lost  by  withholding  a  release 
operation,  or  money  may  be  wasted  on  unnecessary  release. 

Unlike  the  hardwoods,  loblolly  pine  seedlings  in  the  shade  cannot 
manufacture  sufficient  food  to  build  root  systems  extensive  enough 
to  make  them  drought  hardy.  Shading  reduces  both  the  dry  weight 
and  the  root-shoot  ratio  of  seedlings  more  in  pine  than  in  several 
other  species.  In  a  greenhouse  comparison  of  potted  seedlings,  no 
significant  differences  between  loblolly  and  shortleaf  pines  appeared, 
but  sweetgum  was  different.  Pine  shoots  and  laterals  grew  more 
than  those  of  the  gum.  but  sweetgum  excelled  in  fresh  weight  in- 
crease of  the  entire  plant  and  in  the  root-top  ratio  as  determined 
from  oven-dry  weights  (Wenger  1952).  Other  greenhouse  studies 
(Kozlowski  and  Scholtes  1948)  showed  that  at  6  months  dogwood 
seedlings  had  3  roots  to  each  1  on  loblolly  pine.  At  4  months  black 
locust  had  17  times  as  many  roots  as  loblolly  pine.  At  3  years  white 
oak  seedlings  had  more  dry  weight  of  foliage  than  did  loblolly  pine 
seedlings,  and  much  larger  root  systems.  At  comparable  ages  where 
the  total  roots  produced  by  dogwood  amounted  to  168  to  305  feet, 
loblolly  pines  grew  only  7  to  20  feet  of  roots  (Kozlowski  1947). 

Shade  apparently  does  not  reduce  the  root-shoot  ratio  of  hard- 
wood seedlings.  Loblolly  pines,  however,  in  abandoned  fields  where 
Andropogon  predominates,  develop  relatively  deep  and  spreading 
root  systems  (Coile  1940),  while  they  have  less  well-developed  roots 
under  pine  stands  and  even  more  poorly  developed  roots  in  oak 
stands. 

At  normal  field  moisture  contents,  very  little  capillary  water 
moves  toward  roots,  and  continual  extension  of  the  pine  roots  into 
new  regions  of  soil  is  necessary  for  absorption  of  adequate  quantities 
of  soil  moisture  (Kozlowski  1947  ).  This  extension  proceeds  more 
readily  in  some  soils  than  in  others.  In  well-aerated  soil  both  roots 
and  tops  of  pines  usually  grow  best  where  moisture  is  abundant.  In 
relatively  dry  soil  roots  tend  to  outgrow  the  tops;  however,  as  soil 
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Figure  14. — The  trend  of  average  daily  root  elongation,  A.  was  gi*eatest  in 
summer  when  the  daily  maximum  of  soil  temperatures  were  highest,  B  : 
although  there  was  less  soil  moisture,  C.  present  in  summer  (Eeed  1939; 
Kramer  1919). 


moisture  approaches  the  permanent  wilting  percentage,  root  growth 
slows  down  or  stops.  Thus,  in  soils  which  are  droughty  during  the 
middle  portion  of  the  growing  season  there  may  be  two  peaks  of 
root  growth,  one  in  late  spring  or  early  summer  and  another  in  late 
summer  or  early  autumn  (Turner  1936b).  AVithin  a  range  of  favor- 
able moisture  contents,  temperature  seems  to  control  root  extension. 
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Seasonal  response  of  loblolly  pine  roots  to  temperature  and  moisture 
(fig.  14)  was  observed  by  Reed  (1939). 

Thinning  in  a  pine  stand  releases  new  soil  space  and  old  root 
channels  for  remaining  roots  to  enter.  The  rate  at  which  roots 
spread  into  new  areas  may  sometimes  be  gaged  by  the  expanding 
border  in  which  the  soil  is  dried  by  their  invasion.  This  was  ob- 
served at  Crossett,  Ark.,  where  a  heavy  thinning  was  made  in  a 
9-year-old  plantation  of  loblolly  pine.  When  the  thinning  reduced 
the  stand  from  1,100  to  100  trees  per  acre  only  10  percent  of  the 
total  soil  area  was  fully  occupied  by  roots  to  a  depth  of  2  feet.  Two 
years  later  they  occupied  30  percent  of  the  area  of  soil  as  indicated 
by  the  progressive  depletion  of  soil  moisture  at  greater  distances 
from  the  trees  (Zahner  1956). 

Root  systems 

The  character  of  a  soil  can  modify  the  general  development  of 
loblolly  pine  root  systems.  A  taproot  4  or  5  feet  long  may  be  found 
on  mature  trees  standing  on  deep  sandy  or  loamy  soils.  On  stiff 
clay  the  taproot  tends  to  be  stout  but  short.  In  marshy  locations 
lateral  roots  are  prominent  in  a  superficial  system  (Zon  1905). 
When  either  the  water  table  or  an  impenetrable  hardpan  confines  the 
roots  to  surface  layers  of  soil,  growth  is  retarded  (Broadfoot  1951a) 
and  wind  resistance  lowered.  Ashe  (1915)  was  the  first  to  illustrate 
the  typical  variation  in  loblolly  pine  root  systems  as  modified  by 
age  and  soil  (fig.  15).  The  lateral  spread  of  large  loblolly  pines  is 
greater  for  the  roots  than  for  the  crowns.  That  is  one  reason  why 
even  fairly  light  stands  of  old  timber  often  do  not  contain  much 
young  pine  in  the  openings.  Some  observations  on  root  distribution 
were  made  in  the  course  of  excavations  for  studying  the  littleleaf 
disease  (Copeland  1952).  Loblolly  pine  roots  were  dispersed  more 
deeply  throughout  the  soil  than  those  of  shortleaf  pine.  The  greatest 
mean  diameter  of  roots  was  at  a  depth  of  4  to  5  inches  for  the  older 
shortleaf  pines  whereas  for  loblolly  pines  on  the  same  sites  it  was 
found  at  8  to  10  inches.  The  loblolly  pine  roots  also  penetrated 
deeply  into  rather  heavy  subsoils.  When  root  elongation  is  rapid 
and  soil  resistance  high  the  roots  develop  pointed  tips;  where  it  is 
slower  and  resistance  is  lower  the  roots  have  blunt  tips  (Addoms 
1950). 

The  number  of  roots  in  the  A]  horizon  increases  rapidly  with 
age  until  stands  are  20  to  30  years  old.  After  30  years  the  increase 
is  much  slower  (Coile  1937c).  The  development  of  roots  in  the  A2 
horizon  follows  the  same  trend  as  in  the  At  although  the  numbers 
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MATURE  TREE  ON  WET  SOIL        SANDY  LOAM  SOIL 


Figure  15. — -The  inherent  character  of  root  systems,  particularly  the  depth  of 
penetration,  is  materially  influenced  by  both  age  and  site.  The  deep-seated 
feeding  roots  on  the  veteran  loblolly  pine  extended  to  the  crater  table.  The 
seedling  is  2  years  old  (Ashe  1915). 

are  smaller.  In  the  B  and  C  horizons  the  number  of  roots  remains 
constant  after  about  20  years.  In  a  31- to  35-year-old  loblolly  pine 
stand  on  Alamance  stony  loam  in  the  Duke  Forest  the  frequency 
with  which  pine  roots  were  severed  at  different  depths  was  counted 
on  the  vertical  walls  of  trenches  in  two  plots  (Korstian  and  Coile 
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1938).  Numbers  of  pine  roots  less  than  0.1  inch  in  diameter,  per 
square  foot  of  each  profile  face,  were  determined.  These  feeder  roots 
were  found  apportioned  to  soil  layers  as  follows : 

Soil  horizon  Fine  roots  per  square  foot 

(number) 

At  :.  ~  105-111 

A2   49^55 

B,   4-11 

B2   5^8 

C   0.2-0.6 

Although  considerable  sheet  erosion  had  left  this  old  field  with  only 
5  inches  of  A  horizon,  the  concentration  of  roots  near  the  surface 
is  manifest. 

The  close  network  of  surface  roots  in  well-stocked  uncut  stands 
leaves  little  opportunity  for  seedlings  to  develop  under  the  canopy. 
When  a  stand  matures  and  thinning — natural  or  artificial — starts, 
space  becomes  available  for  regeneration  in  the  open  spots.  There 
pine  seedlings  are  often  handicapped  in  competition  with  hardwood 
sprouts  that  have  the  advantage  of  previously  established  root  sys- 
tems. These  old  roots  are  absent  from  the  soil  in  many  old-field  pine 
stands,  but.  to  a  lesser  extent,  the  pine  seedlings  are  handicapped 
there  also.  Their  first-year  root  systems  are  inferior  to  those  of 
many  hardwood  seedlings  of  the  same  age.  A  yearling  white  oak.  for 
example,  has  a  well-developed  root  system,  including  a  taproot,  capa- 
ble of  early  penetration  below  the  surface  zone  of  intense  competition 
for  moisture  during  periods  of  drought.  According  to  Coile  (1940) 
these  differences  in  initial  root  habit  of  forest-grown  seedlings  go 
far  to  explain  the  persistent  tendency  of  oak  and  hickory  to  invade 
and  hold  pine  lands. 

Inadequacy  of  the  root  systems  of  pine  seedlings  increases  with 
the  shade  in  which  they  grow.  Low  light  intensity  decreases,  and 
may  even  stop,  root  elongation  in  forest-grown  loblolly  pine  seed- 
lings. The  minimum  intensity  of  light  just  sufficient  for  root  growth 
is  between  120  and  295  foot-candles  (Barney  1917.  1951  .  Unit 
increases  in  light  add  more  growth  at  low  than  at  high  intensities 
1  fig.  17.  B.  p.  65). 

Response  of  roots  to  temperature 

The  seasonal  differences  in  the  daily  elongation  of  roots  (fig.  14 
may  result  in  part  from  length  of  day.  but  are  attributed  largely 
to  moisture  and  temperature  changes.    Barney    1947,  1951)  found 
that  roots  of  loblolly  pine  21  •>  weeks  old  grow  most  rapidly  at  20° 
to  25°C;  the  rates  at  5°C  and  35°C  were  less  than  10  percent  of  the 
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maximum  rate.  In  winter  with  soil  at  5°C  or  warmer  the  roots  can 
grow.  At  35°C  most  of  the  roots  appeared  to  be  dormant.  The  ob- 
served response  to  heat  and  cold  was  as  follows: 


In  Arkansas  two  periods  of  marked  dormancy  for  loblolly  pine 
roots  have  been  noted  I  Turner  1936b)  :  December  to  March  and  July 
to  September.  The  reasons  appeared  to  be  low  temperature  in  winter 
and  low  moisture  in  summer.  In  the  deep  South  the  roots  of  loblolly 
pine  may  grow  throughout  the  year,  the  high  soil  temperatures  that 
preclude  root  growth  in  summer  on  the  barren  areas  being  confined 
to  a  thin  zone  near  the  surface  (Greene  1953). 

Boot  hairs  and  mycorrhizae 

Absorbing  roots  of  pine — those  about  1  millimeter  in  diameter — 
comprise  less  than  3  percent  of  the  total  root  surface  (Roberts  1948). 
These  roots,  however,  are  supplemented  on  some  trees  by  two  varia- 
tions that  aid  them  in  absorbing  moisture  and  mineral  nutrients: 
(1)  root  hairs,  and  (2)  mycorrhizae. 

Root  hairs  are  single-cell  protuberances  on  the  youngest  absorbing 
roots.  Where  these  hairs  are  numerous  they  multiply  the  surface 
several  fold,  but  one  observation  I  Kozlowski  1947  I  revealed  only 
217  of  them  per  square  centimeter  of  loblolly  pine  roots.  This  is 
but  a  small  fraction  of  the  number  possessed  by  many  of  the  decid- 
uous associates  of  the  pines. 

Mycorrhizae  are  structures  composed  of  root  and  fungous  tissue 
in  a  symbiotic  relationship.  The  rapid  growing  long  roots  of  loblolly 
pine  are  typically  without  these  structures,  though  they  often  have 
mycorrhizal  branches  farther  back  ( Addoms  1950).  The  shorter 
roots,  that  are  mycorrhizal.  are  the  main  absorbing  roots.  The 
mycorrhizae  themselves  may  occupy  less  than  2  percent  of  the  total 
root  length  (Roberts  1948).  but  these  structures  are  particularly 
effective  in  the  absorption  of  certain  mineral  elements  (Kramer  and 
Hodgson  1954) .  Mycorrhizae  are  most  abundant  on  loblolly  pine 
seedlings  grown  in  full  light  and  in  situations  where  the  A  horizon 
of  a  soil  is  present   (AVenger  1955d ) .    Helpful  as  root  hairs  and 
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mycorrhizae  may  be,  drought  resistance  results  mainly  from  the  ad- 
vance of  root  tips  from  dry  soil  into  adjacent  undepleted  soil  masses. 

Shoot  development 

On  the  Gulf  Coast,  pine  shoots  start  growth  before  the  vernal 
equinox  on  March  31,  and  continue  into  midsummer  forming  nodes 
or  partial  whorls  (Reed  1939).  The  average  number  is  3,  but  the 
individual  nodes  are  not  a  reliable  indication  of  age,  nor  do  they 
seem  to  be  synchronized  with  any  rest  periods  within  a  growing  sea- 
son. However,  recognition  of  the  flush  of  spring  growth,  normally 
each  season's  longest  internode,  permits  estimates  of  the  age  of 
free-growing  saplings  to  be  based  on  observation  of  branch  whorls. 

Near  Crossett,  Ark.,  the  average  annual  height  growth  of  loblolly 
pine  is  86  to  88  percent  complete  by  July  4  and  93  to  96  percent 
complete  by  August  1  ( Willis  ton- 1951) .  There  the  rainfall  seems 
to  increase  the  amount,  but  not  the  period,  of  growth.  At  Durham, 
N.  C,  loblolly  pine  starts  growing  in  late  March,  making  roughly 
15  to  20  percent  of  total  growth  each  month  from  April  through 
August.  Its  distribution  there  by  months  in  1939  on  2-  and  3-year- 
old  seedlings  was  as  follows  (Kramer  1943)  : 

Distribution  of  Distribution  of 

growth  (percent)  growth  (percent) 

March   2  July   14 

April   14  August   13 

May   27  September   6 

June   23  October   1 

In  larger  trees  also,  height  growth  was  observed  to  start  a  few  days 
before  the  diameter  growth,  but  it  ceased  about  August  1,  or  at 
least  2  months  before  the  growth  in  d.b.h.  ceased  (Young  and 
Kramer  1952).  Spring  height  growth  of  loblolly  pines  from  local 
seed  sources  is  normally  uninjured  by  frost  and  the  growth  ceases  in 
mid  or  late  summer. 

The  course  of  shoot  growth  in  local  strains  of  loblolly  pine  ap- 
pears to  be  relatively  independent  of  the  length  of  growing  season 
and  normal  fluctuations  in  the  environmental  factors  during  the 
season.  Severe  drought  with  hot  nights  in  late  summer  or  very  low 
temperature  at  other  times  may  check  growth,  and  artificial  light  can 
stimulate  it,  but  otherwise  the  usual  natural  variation  in  moisture 
and  temperature  has  little  effect  (Kramer  1936,  1943).  In  a  test 
with  a  local  strain  of  loblolly  pine  seedlings  (Kramer  1957)  the  best 
growth  was  made  with  the  widest  spread  (12°  or  13°C.)  between 
day  and  night  temperatures  and  poorest  growth  with  nights  as  warm 
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as  the  days.  The  hot  nights  of  mid  and  late  summer  may  tend  to 
bring  abont  a  cessation  of  shoot  growth. 

In  the  spring  low  air  temperature  appears  to  be  more  important 
than  low  soil  temperature  in  retarding  the  resumption  of  growth. 
This  was  determined  by  means  of  tests  (Halm  1942)  wherein  green- 
house soil  was  cooled  to  match  that  in  outside  beds,  while  the  outdoor 
soil  was  heated  to  match  that  in  the  greenhouse.  Out  of  doors  all 
species  were  observed  to  start  growth  earlier  in  warm  than  in  cold 
soil,  and  loblolly  pine  began  spring  growth  1  to  4  weeks  earlier  in 
the  warm  greenhouse  regardless  of  soil  temperature. 

Although  with  favorable  temperatures  the  leading  shoots  can  be 
induced  to  grow  in  a  greenhouse  during  winter  by  providing  artificial 
light,  14  genetic  research  (Perry  and  Wang  1957a)  indicates  clearly 
that  variations  in  the  duration  of  natural  outdoor  shoot  growth  are 
controlled  largely  by  differences  in  photoperiodism  associated  with 
the  latitude  of  their  racial  origin.  Furthermore,  ancestral  adapta- 
tion to  long  days  tends  not  only  to  extend  the  period  of  growth  for 
the  progeny  of  loblolly  pine,  but  also  to  increase  the  number  of 
whorls  and  branches.  Thus,  within  the  seasonal  limitations  of  a  new 
location,  such  an  adaptation  tends  to  increase  the  total  growth 
attained. 

Seedling  size  and  thrift  increase  with  a  decrease  in  the  overstory. 
The  increase  is  reflected  in  the  dimensions  of  buds,  foliage,  and 
branches.  At  full  stocking  with  about  81  percent  crown  cover  near 
Crossett,  Ark.,  the  seedlings  average  less  than  a  foot  high  at  3  years 
and  two-thirds  of  them  are  still  without  branches.  Under  well- 
stocked  overstories  and  60  percent  cover,  the  third-year  seedlings 
are  nearly  a  foot  tall  and  half  of  them  possess  one  or  more  branches. 
In  relatively  open  places  with  less  than  5  percent  cover  the  3-year- 
old  seedlings  are  over  2  feet  tall,  branches  numerous,  needles  and 
buds  long,  and  the  stems  well  foliated.  These  responses  to  various 
degrees  of  opening  in  an  overwood  canopy  are  stimulated  by  an 
increase  from  about  25  percent  to  85  percent  of  sunlight  reaching 
the  forest  floor  (table  5),  and  made  possible  by  the  relative  scarcity 
of  competition  from  roots  left  alive  in  the  open  spots.  Effects  on 
survival  are  discussed  in  the  chapter  on  natural  regeneration. 

14  Within  certain  limits,  variation  in  the  length  of  day  controls  duration  of 
a  growing  season.  Kramer  (1936)  noted  that  with  normal  length  of  day  lob- 
lolly pine  ceased  to  grow  as  early  in  the  autumn  in  a  warm  greenhouse  as  out 
of  doors.  It  grew  all  winter  with  a  14%-hour  day,  but  made  better  growth 
with  continuous  light. 


60 


LOBLOLLY  PINE 


Table  5. — Effect  of  an  overwood  on  the  development  of  3-year-old  loblolly 
pine  seedlings  at  Crossett,  Ark.1 


Overwood 


Cover 

Light 

Density 

Basis: 

Diameter 

Height 

Foliated  Bearing 

Branch 

Branch 

Needle 

Bud 

{■percent) 

(percent) 

(S.D.I.) 

Plots 

stem 

branches  frequency 

length 

length 

length 

No. 

In. 

Ft. 

Percevt 

Percent 

No. 

Ft. 

In. 

In. 

100 

0 

0.37 

2.15 

69 

100 

9.2 

2.43 

6.6 

0.58 

5 

85 

50 

17 

.28 

2.03 

63 

93 

5.5 

1.73 

6.1 

.52 

14 

69 

100 

26 

.22 

1.73 

58 

79 

3.1 

1.02 

5.7 

.47 

36 

54 

150 

33 

.18 

1.28 

52 

65 

1.9 

.59 

5.2 

.42 

60 

40 

200 

35 

.15 

.98 

46 

52 

1.2 

.44 

4.7 

.37 

76 

28 

250 

32 

.12 

.81 

40 

38 

0.6 

.37 

4.2 

.32 

85 

18 

300 

25 

.11 

.69 

34 

24 

0.2 

.27 

3.8 

.27 

92 

8 

350 

16 

.10 

.60 

29 

10 

0.1 

.10 

3.3 

.22 

98 

3 

400 

5 

.53 

23 

0 

0 

0 

2.8 

.17 

1  Branches  of  negligible  length — i.e.  branch  buds — were  not  counted.  Seedlings  without  branches  were  not  included 
in  computing  average  length  of  branches.  The  overwood  was  30  percent  hardwood  and  measured  to  a  radius  of  31.2 
feet.  Stand  density  index  (S.D.I.)  may  be  conceived  as  the  number  of  trees  per  acre  that  a  stand  will  (or  did)  have  at 
the  time  when  the  trees  average  10  inches  in  d.b.h.  Numerically  it  may  be  computed  from  factors  in  appendix  table  86 
or  from  the  original  formula  (Reineke  1933). 


PHOTOSYNTHESIS 

Intensity  of  light 

Only  about  1  percent  of  the  solar  energy  that  falls  on  leaves  is 
used  for  photosynthesis.  A  low  intensity  of  insolation  in  a  dense 
stand  may  retard  growth  of  seedlings,  although  the  light  needed  for 
their  survival  is  very  low — less  than  40  foot-candles.  Loblolly  pine 
is  able  to  survive  for  6  months  under  light  in  which  it  is  barely  able 
to  increase  in  weight.  In  dense  shade  the  dry  weight  produced  by 
loblolly  pine  is  almost  directly  proportional  to  the  intensity  of  illu- 
mination up  to  about  20  percent  of  full  sunlight  (Shirley  1928). 
In  this  situation  moderate  variations  in  soil  moisture  are  not  likely 
to  cause  any  significant  changes  in  dry  weight  provided  the  moisture 
content  is  not  so  low  that  it  approaches  the  wilting  coefficient,  or  so 
high  that  it  approaches  saturation. 

Pines  are  noticeably  more  tolerant  of  shade  as  seedlings  than  as 
saplings  or  larger  trees.  Measurements  of  photosynthesis  in  16- 
week-old  loblolly  pine  indicated  that  maximum  rates  were  attained 
at  light  intensities  far  below  those  required  by  pines  more  than  2 
years  old  (Bormann  1956).  This  decreasing  photosynthetic  efficiency 
as  seedlings  grow  up  helps  to  explain  why  the  thrift  of  young  loblolly 
pine  stands  is  sustained  on  old  fields,  whereas  under  a  partial  canopy 
a  vigorous  start  is  often  followed  by  ultimate  failure.  The  amount 
of  light  reaching  the  forest  floor  varies  appreciably  with  the  distri- 
bution of  the  larger  trees,  but  under  a  uniform  cover  it  varies 
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inversely  with  basal  area  (Anderson  19-11).  A  stand  with  an  over- 
wood  density  (S.D.I.)  of  100  admits  70  percent  of  full  sunlight; 
one  with  a  density  of  200  admits  37  percent  (  fig.  16).  Under  these 
conditions  there  is  a  marked  difference  in  the  development  of  pines 
near  Crossett,  Ark.  At  5  years  of  age,  for  example,  the  seedlings 
receiving  70  percent  light  had  18  branches  averaging  about  1  foot 
long,  whereas  those  receiving  37  percent  light  had  only  half  as  many 
branches  averaging  about  7  inches  long.  The  average  height  in  the 
first  group  was  4.2  feet,  in  the  second  2.4  feet.  At  5  years  also  the 
survival  with  70  percent  light  was  75  percent ;  with  37  percent  light 
it  was  62  percent. 

Concentration  of  carbon  dioxide 

Carbon  dioxide  is  a  heavy  gas  given  off  in  respiration  of  plants, 
but  absorbed  in  greater  amounts  in  photosynthesis.  Experiments 
with  ten  potted  2-year-old  loblolly  pine  seedlings  (Decker  1947) 
have  shown  the  apparent  rate  of  photosynthesis  increasing  with  the 
supply  of  air  and  the  concentration  of  carbon  dioxide  as  follows:15 

Air  supply      Photosynthesis  Concentration  Photosynthesis 

(liters  per       (mgs.  CO,  per  i  mg<.  C02  per      \  mgs.  C02  per 


9 


minute)             minute)                        liter)  minute) 
0.34  0.46   0.3/ 


3    43  .  47    40 

4   .47  .  48    43 

5   .50  .  49    47 

g   52  .  50   .50 

7   .53  .51   53 

?   -54  .52   .56 


.00 
.00 


Because  carbon  dioxide  is  a  relatively  heavy  component  of  the 
atmosphere  its  concentration  is  somewhat  greater  (possibly  10  per- 
cent) at  Ioav  elevations  and  close  to  the  ground.  This  may  explain, 
in  part,  the  superior  shade  tolerance  of  small  seedlings  close  to  the 
ground.  In  loblolly  pine  respiration  is  doubled  when  air  temperature 
is  increased  from  20°  to  30  °C.  though  photosynthesis  apparently 
remains  about  the  same  (Decker  1944).  But  for  an  increase  from 
30°  to  40 °C.  respiration  increases  about  50  percent,  while  photosyn- 
thesis decreases  about  45  percent.  Exactly  how  these  functions  are 
related  to  growth  behavior  remains  to  be  shown. 

Continuity  and  kind  of  illumination 

The  timing  and  the  quality  of  light  influence  the  growth  of  lob- 
lolly pine.    After  a  period  of  dormancy,  resumption  of  growth  can 

15  All  seedlings  were  exposed  to  all  rates  of  supply,  and  results  gaged 
through  analysis  of  variance  using  a  Latin  square. 
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be  hastened  by  additional  light  and  retarded  by  shortening  the 
photoperiod  below  the  normal  length  of  day  (fig.  17.  D).16  Zahner 
(1955b)  showed  that  the  height  growth  of  yearling  loblolly  pines 
may  be  more  than  doubled  by  an  interruption  of  the  period  of  dark- 
ness. Beween  March  and  September  while  his  short-day  control 
seedlings  became  7  centimeters  tall,  others  provided  with  a  half- 
hour  of  artificial  light  in  the  middle  of  each  night  became  17 
centimeters  tall. 

There  is  slight  evidence  that  red  rays  may  stimulate  and  blue 
rays  retard  the  growth  of  loblolly  pine  seedlings.  According  to 
Phillips  (1941).  the  effect  of  color  of  light  on  height  of  loblolly  pine 
seedlings  was  as  follows: 


Red  White1  Blue 

1936:  (cm.)  (cm.)  (cm.) 

October  31   34  33  35 

December  3   35  33  35 

December  21   37  33  35 

1937: 

January  8   41  33  35 

February  1   46  33  35 

March  1   48  38  37 

March  13   48  40  39 


1  Control — entire  solar  spectrum. 

In  this  study  loblolly  pine  broke  dormancy  almost  immediately  when 
placed  under  18  hours  of  light,  part  of  which  was  supplemental 
red  irradiation,  whereas  under  short  normal  winter  days  they  failed 
to  break  dormancy  until  about  February  1 — 2xo  months  later.  The 
pines  grew  more  rapidly  when  nights  were  shortened  by  the  use  of 
red  light  than  under  other  conditions.  Additional  irradiation  with 
blue  light  resulted  in  less  growth.  Fortunately  the  wave  length  of 
white  light  that  filters  through  a  forest  canopy  is  not  changed 
enough  to  lower  its  quality  for  photosynthesis. 

Pine  versus  hardwood  response 

Tree  species  characteristically  differ  in  their  capacity  to  endure 
shade.  This  capacity  decreases  somewhat  with  both  age  and  deterio- 
ration in  site  quality.  Shade  tolerance,  however,  is  a  relative 
character,  not  subject  to  precise  quantitative  measurement.  Yellow- 
poplar,  for  example,  is  recognized  as  an  intolerant  hardwood,  yet 
regardless  of  age  or  soil  depth,  it  maintains  a  somewhat  greater 
ratio  of  live  crown  to  total  height  than  does  loblolly  pine  (Hocker 

16  Length  of  day  is  affected  by  some  10  degrees  difference  in  latitude  be- 
tween the  northern  and  southern  parts  of  the  range  of  loblolly  pine.  In  the 
north  the  species  has  about  an  hour  more  of  daylight  available  for  photosynthesis 
during  the  middle  of  the  growing  season. 
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Figure  16. — Effect  of  time  of  day  on  the  quantity  of  light  reaching  the  forest 
floor  under  loblolly  pine  stands  of  different  stand  density  indices  as  com- 
pared with  full  sunlight  in  the  open  at  noon.  Based  on  measurements  by 
photoelectric  meter  on  clear  days,  when  no  clouds  or  haze  were  near  the 
sun,  during  July  and  August  at  Crossett,  Ark. 

1953),  which  is  an  indication  of  possibly  greater  shade  tolerance. 
These  two  timber  species  are  sufficiently  alike  in  silvical  character 
and  in  value,  however,  to  be  planted  in  small-block  even-aged  mix- 
tures on  some  of  the  better  sites. 

To  maintain  pine  on  the  much  larger  areas  in  need  of  natural 
regeneration,  a  knowledge  of  the  relative  tolerance  of  the  pine  and 
its  competitors  is  essential.  One  advantage  the  pines  do  have  is 
that,  to  some  extent,  photosynthesis  is  possible  during  mild  winter 
weather  when  their  competitors  are  leafless.  Few  tests,  however, 
have  compared  directly  under  forest  canopies  the  capacity  of  hard- 
wood seedlings  (  not  sprouts)  to  outlive  pine  seedlings  of  the  same 
age.1'  Numerous  laboratory  tests  indicate  that  deciduous  species 
commonly  associated  with  loblolly  pine  do  have  that  capacity.  For 

1(  By  contrast  many  observations  have  indicated  probable  failure  of  pine 
seedlings  to  survive  in  adequate  numbers  within  an  understory  where  the  hard- 
wood sprouts  arose  simultaneously.  Much  life  persists  in  residual  hardwood 
roots  that  may  remain  hidden  in  the  soil  many  years  before  shoots  emerge. 
Some  of  these  roots,  through  original  or  natural  root-graft  connections  with 
living  trees,  may  well  have  unsuspected  sources  of  nourishment  to  sustain  them. 
Thus  many  sprouts  are  not  wholly  dependent  on  photosynthesis  in  their  own 
leaves.  Where  sprouts  with  vital  connections  are  3  years  or  more  older  than 
the  associated  pine  seedlings  unaided  regeneration  of  pine  commonly  fails. 
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example  shading  reduces  the  rate  of  photosynthesis  of  seedlings 
more  in  pine  than  in  oak.  When  soil  dries  out,  photosynthesis,  as 
well  as  transpiration,  is  reduced  sooner  in  pine  than  in  oak. 

The  fact  that  oak  seedlings  have  a  smaller  percentage  of  their 
total  weight  in  foliage  signifies  their  greater  photosynthetic  efficiency 
(Kozlowski  1947).  The  difference  is  most  noticeable  under  partial 
light.  With  full  sunlight,  for  instance,  both  oak  and  pine  appear 
to  attain  about  80  percent  of  their  maximum  photosynthesis,  but 
with  only  one-tenth  as  much  light  oak  reaches  93  percent  of  its 
maximum,  while  pine  functions  at  only  57  percent  of  its  capacity. 
With  somewhat  less  extreme  variation  in  light,  as  in  most  pine 
forests,  the  photosynthetic  superiority  of  oak  is  less  pronounced,  but 
ever  present.  The  decrease  in  photosynthesis,  as  the  moisture  sup- 
plying power  of  forest  soil  decreases,  begins  earlier  for  pine  than 
for  oak  (Kozlowski  1947).  Such  responses  account  for  the  inferior 
shade  tolerance  of  pine.  Proper  functioning  of  pine  seedling  tops 
in  heavy  shade  is  hindered  by  inadequate  elaboration  of  the  food 
needed  for  good  root  growth,  and  consequently  absorption  from  the 
soil  of  water  and  minerals  essential  to  thrift  and  further  develop- 
ment of  the  tops  is  insufficient. 

Under  competition  in  the  forest,  insufficient  light  and  moisture 
tend  to  suppress  loblolly  pine  seedlings.  The  fundamental  superi- 
ority of  hardwoods  over  pine  in  capacity  to  endure  shade  is 
confirmed  and  has  been  demonstrated  in  several  studies  at  Duke 
University  (Kramer  et  al.  1942,  1949).  In  these  studies  potted  speci- 
mens of  loblolly  pine  and  northern  red  oak  seedlings  were  observed 
at  an  air  temperature  of  25  °G.  Photosjmthesis  was  measured  at 
seven  intensities  of  light  from  300  to  9,300  foot-candles.  Maximum 
photosynthesis  in  oak  occurred  at  about  3,300  foot-candles  and  de- 
creased slightly  in  brighter  light.  In  pine,  photosynthesis  increased 
constantly  up  to  the  highest  intensity  used,  9,300  foot-candles,  or 
almost  that  of  full  sunlight  (fig.  17,  A  and  B) .  White  oak  and  dog- 
wood likewise  reached  a  maximum  at  about  Y3  or  14  of  full  sunlight 
(Kramer  and  Decker  1942,  1944).  Greenhouse  tests  have  shown 
that  loblolly  pine  responds  to  increased  light  (fig.  17,  C)  by  pro- 
ducing heavier  and  taller  seedlings. 

The  failure  of  pine  seedlings  to  grow  as  well  as  hardwoods  do 
in  one-third  sunlight  appears  not  to  arise  from  any  deficiency  in 
leaf  tissue,  but  rather  from  the  arrangement  of  their  needles,  i.e., 
their  inferiority  in  deploying  their  foliage  to  catch  the  sunlight. 
Pine  needles  individually  tested  under  full  exposure  to  light  func- 
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tion  much  like  hardwood  leaves.  In  the  natural  fascicle  and  branch 
clusters,  however,  they  suffer  considerable  mutual  shading  ( Kramer 
and  Clark  1947). 

"Whatever  the  cause,  it  appears  that  a  critical  "threshold"  con- 
dition of  low  photosynthesis  exists  below  which  pine  cannot  maintain 
itself.  In  the  Piedmont,  at  least,  this  condition  is  normally  a 
function  of  the  combined  effect  of  decreased  light  intensity  and  less 
moisture  under  forest  stands  (Kozlowski  1949).  By  contrast,  the 
hardwood  associates  of  pine  achieve  sufficient  photosynthesis  in  the 
shade  to  grow  rather  extensive  root  systems  that  enable  them  to 
survive  droug-hts. 
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Figure  17. — Light  in  relation  to  growth  of  loblolly  pine  seedlings:  A,  red 
oak  attains  maximum  photosynthesis  with  only  a  third  as  much  light  as  is 
required  by  loblolly  pine  (Kramer  and  Clark  1947)  ;  B,  effect  on  elonga- 
tion of  roots  from  light  intensity  to  which  the  shoot  was  exposed  (Barney 
1947)  ;  C,  effect  of  shade  on  dry  weight  of  seedlings  (Shirley  1928)  ;  D, 
effect  of  modifying  the  period  of  illumination  on  shoot  growth  of  loblolly 
pine  from  North  Carolina  during  different  seasons  (Kramer  1936). 


SITE  QUALITY 

Plant  indicators 

There  is  a  universal  need  in  silviculture  to  classify  land  according 
to  its  capacity  to  produce  timber.  In  Finland  and  adjacent  countries 
the  ground-cover  types  of  minor  vegetation  have  been  extensively 
used  to  indicate  the  quality  of  sites  for  growing  pine.  This  method 
appears  to  be  useful  under  the  relatively  stable  virgin  forest  condi- 
tions in  northern  latitudes  with  a  limited  flora. 

It  would  seem  that  the  relative  abundance  of  certain  understory 
species  in  the  loblolly  pine  type  of  forest  might  betoken  the  quality 
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of  the  local  soil.  Some  investigation  of  this  possibility  has  been 
made  by  Coile  (1950b).  He  found  that  density  and  coverage  by 
several  understory  species  in  the  Piedmont  is  greatest  on  the  better 
sites  and  tends  to  increase  with  age  in  a  pine  stand  (fig.  18).  Deep 
surface  soil  favors  an  understory,  as  it  does  the  overstory. 
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Figure  18. — Area  occupied  by  understory  species  as  influenced  by  soil  prop- 
erties, site  quality,  and  density  and  age  of  pine  overwood  in  the  Piedmont: 
A,  Dogwood  on  subsoil  with  imbibitional  water  value  at  a  high  level  (24) 
with  three  different  surface  soil  textures;  B,  sweetguni  on  fine-textured 
surface  soil;  C,  redcedar;  D,  certain  moist-site  oaks  (white,  willow,  and 
both  northern  and  southern  red  oak)    (Coile  1950b). 

The  numbers  of  oaks,  specifically  the  white  and  willow  oaks  and 
both  the  northern  and  southern  species  of  red  oak,  increase  as  stands 
become  older  and  the  overwood  less  dense  (fig.  18,  D) .  Dogwood  is 
most  abundant  on  sites  which  have  a  low  imbibitional  water  value 
for  the  subsoil  and  a  fine-textured  surface  soil.  Sweetgum  is  more 
common  on  good  pine  sites,  whereas  redcedar  is  more  prevalent  on 
the  poorer  pine  sites. 

Within  the  loblolly  pine  belt  the  subordinate  vegetation  as  a 
whole  is  materially  modified  not  only  by  the  quality  of  the  site,  but 
also  by  the  currently  dominant  cover,  including  its  density  and  con- 
dition as  a  result  of  treatment  (Coile  1938).  In  consequence  no 
useful  plant  indicator  species  have  yet  been  recognized. 
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Site  determination 

Three  possible  ways  of  determining  the  producing  power  of  forest 
land  remain.  We  may  judge  it  by  the  loblolly  pine  trees,  other  species 
of  trees,  or  the  soil  itself  (Coile  1937b,  1938,  1942).  When  thrifty, 
pole-sized,  uninjured  loblolly  pines  are  available,  their  average 
height  at  50  years  indicates  site  quality.  The  best  sample  trees  for 
this  purpose  are  dominant  specimens  from  well-stocked  even-aged 
pine  stands  30  to  70  years  old.  Average  age  may  be  taken  from  in- 
crement borings  and  site  index  interpolated  from  a  chart  such  as  the 
one  based  on  a  formula  by  Gaiser  (1950)  (fig.  19),  wherein  the 
logarithm  of  site  index  equals  the  logarithm  of  height  (feet)  plus 
7.11  over  age  (years)  minus  0.142.  An  earlier  site  index  chart  in  the 
same  form  (U.  S.  Forest  Service  1929 — Misc.  Pub.  50)  included  more 
gulf  coastal  timber,  but  often  leads  to  poor  estimates  when  young 
trees  are  sampled.  Below  50  years  those  curves  need  correction 
according  to  the  following  equation  (Coile  and  Schumacher  1953b)  : 


where  y  is  the  tree  site  index,  Y  is  the  soil  site  index,  and  A  is  age  in 
years. 

Where  the  only  material  for  such  an  estimate  consists  of  scattered 
8- to  20-year-old  pines  the  growth  intercept  method,  now  under  de- 
velopment, can  be  used.  A  5-year  intercept  for  any  one  tree  is  the 
length  of  trunk  formed  in  5  consecutive  years,  during  the  first  of 
which  the  tree  attains  breast  height  (Wakeley  1958).  An  average 
of  these  intercepts  as  measured  on  a  number  of  young  trees  indicates 
the  quality  of  the  site. 

In  the  absence  of  suitable  30-  to  70-year-old  loblolly  pines  for 
site  determination,  other  species  can  be  used  as  indicators  only  if 
previous  study  has  determined  quantitative  interspecies  relation- 
ships. Work  in  Arkansas  by  Turner  (1936a)  indicated  that  the 
site  indices  for  shortleaf  pine  were  about  95  percent  of  those  for  the 
loblolly.  Similar  observations  in  the  East  (Coile  1948)  show  that 
the  site  index  for  shortleaf  pine  is  commonly  89  percent  of  that  for 
loblolly  pine.  At  site  index  40  for  shortleaf  pine,  the  index  for  lob- 
lolly pine  is  only  about  5  feet  higher,  but  the  superiority  of  loblolly 
pine  increases  with  site  quality.  Where  the  index  for  shortleaf  pine 
is  80,  that  for  loblolly  pine  is  10  feet  higher.  Zahner  (1957b)  found 
a  similar  relationship  between  height  growth  of  loblolly  and  short- 
leaf  pine  on  the  same  site. 
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Figure  19.    Site  quality  for  loblolly  pine  in  the  Coastal  Plain  of  Virginia  and 
the  Carolinas  (Gaiser  1950). 


His  equation  is — 

Loblolly  pine  S.I.  =  1.30     short  leaf  S.I.   —  17.4 
Because  few  interspecies  growth  relationships  of  this  kind  have  been 
worked  out.  an  ability  to  estimate  site  quality  without  reference  to 
existing  vegetation  is  useful. 

Hardwood  species  supply  optional  crop  trees  on  some  of  these 
soils.    Those  with  a  pine  site  index  of  60.  however,  can  produce  only 
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nardwoods  of  extremely  low  and  doubtful  value.  Those  with  an 
index  of  70  or  80  are  also  distinctly  inferior  for  hardwood  timber; 
90-foot  sites  are  intermediate ;  but  the  100-  and  110-foot  sites  can 
produce  superior  hardwood  (Turner  1937a). 

Site  indices  of  soil  serifs 

A  soil  series  is  a  group  of  soils  having  horizons  similar  in  char- 
acteristics and  arrangement  in  the  profile,  except  for  the  texture  of 
the  surface  soil.  Each  series  is  developed  from  a  particular  type  of 
parent  material.  The  designation  of  forest  soils  by  series  is  useful 
to  the  extent  that  they  are  recognized,  mapped,  and  correlated  with 
site  quality  for  timber. 

Some  research  on  this  was  done  west  of  the  Mississippi.  Turner 
(1936a  i.  studying  the  physical  properties  and  aeration  of  soils,  re- 
ported from  Arkansas  that  the  best  sites  for  loblolly  pine  were  found 
on  flat  land  where  the  soils  were  immature  sandy  loams  and  silt 
loams  with  permeable  subsoil,  fair  drainage,  and  an  adequate  water 
supply.  Table  6  indicates  that  loblolly  pine  does  best  on  very  gently 
sloping  land. 

A  similar  study  in  Texas  |  Chandler.  Schoen.  and  Anderson  1943 
also  gives  top  rank  to  Ochlockone  sandy  loam  in  the  following  list 
of  soil  types : 


Site  indices  for  shortleaf  pine  were  6  =  3  feet  lower  on  these  soils 
with  one  exception.  On  Segno  fine  sand  the  index  was  4  feet  higher 
for  shortleaf. 

More  recently  a  comparable  study  on  the  Atlantic  Coastal  Plain 
((raiser  1950)  has  added  observation  of  subsoil  imbibitional  water 
values  within  two  drainage  groups  of  other  soil  series  (table  7  I.  Site 
indices  in  relation  to  depth  to  the  least  permeable  layer  of  the  B 
horizon,  and  for  eight  soil  series  are  shown  in  figures  20  and  21. 

It  is  clearly  inadvisable,  however,  to  depend  solely  on  soil  series 
as  an  indication  of  site  quality.  This  is  apparent  from  the  within  - 
series  variation  shown  in  table  7.  from  the  slope  of  the  curves  in 
figures  20  and  21.  and  from  Zahner's  work  in  Arkansas  where  cer- 
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Ochlockonee  fine  sandy  loam. 

Lufkia  fine  sand  

Segno  fine  sandy  loam  

Rust  on  fine  sandy  loam  

Caddo  fine  sandy  loam  

Susquehanna  fine  sandy  loam 
Segno  fine  sand  
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Table  6. — Relation  of  certain  Arkansas  soils  to  site  quality  of  tico  native 
pines  (Turner  1956a) 


Soil  type 

Slope 

Loblolly  pine  site 

Shortleaf  pine  site 

r> 

Nange  A 

verage 

Average 

■ 

Ratio  to 
loblolly 

Percent 

Feet 

Feet 

Feet 

Percent 

Ocklockonee  sandv  loam  

1 

102-110 

108 

92 

85 

Yicksburg  silt  loam  

1 

100-108 

107 

Boeuf  fine  sandv  loam  

1 

91-96 

94 

Caddo  silt  loam  

2 

84-100 

92 

90 

98 

Caddo-Ruston  transition  

2 

85-90 

89 

89 

100 

Lufkiu  silt  loam  

1 

83-95 

85 

Ruston  fine  sandv  loan?  

2\ 

83-90 

84 

83 

99 

Caddo  very  fine  sandy  loam.  .  . 

3 

77-85 

83 

78 

94 

Susquehanna  fine  sandy  loam .  . 

4 

71-81 

/  7 

75 

97 

Hanceville  fine  sandy  loam .... 

5 

74-75 

/  i 

65 

84 

Susquehanna  fine  sandy  loam .  . 

9 

75- 1  i 

76 

73 

96 

Ruston  fine  sandv  loam  

6 

74 

72 

97 

Xorfolk  fine  sandv  loam  

2h 

65-75 

69 

68 

98 

tain  other  characteristics  of  the  soil  were  essential  to  good  estimates 
of  site  indices. 


Soil-site  evaluation 

Site  quality  results  from  the  interaction  of  numerous  factors, 
including  several  that  can  safely  be  ignored  in  practice.  Within  a 
single  climatic  region  the  climatic  and  biotie  characteristics  of  site 
can  usually  be  disregarded  ( except  in  planting  I .  but  physiographic 
and  edaphic  influences  must  be  recognized.  Among  these,  certain 
soil  factors  are  keys  to  site  quality  because  they  directly  influence 
the  growing  space  for  roots  or  the  moisture  available  to  them  or 
both.  Such  attributes  are.  for  example,  the  thickness  of  surface 
soil,  the  depth  to  mottling  (a  varicolored  zone  indicative  of  poor 
drainage),  and  the  nature  of  the  subsoil,  its  texture  and  consistence. 

An  increase  in  surface  soil  down  to  a  depth  of  10  inches  causes 
a  pronounced  increase  in  site  quality  in  the  Piedmont.  Friable 
subsoil  is  favorable  there  also.  In  the  Coastal  Plain  surface  drain- 
age is  involved  and  may  be  judged  by  relative  topographic  position. 
The  more  poorly  drained  soils  near  the  Atlantic  coast  in  Virginia 
and  the  Carolinas  have  the  higher  site  indices  (Gaiser  1950.  Coile 
1952b).18  They  often  contain  a  layer  of  mineral  soil  where  aeration 

1S  The  following  observation — possibly  surprising  and  seemingly  paradoxical — 
has  been  made  at  widely  separated  points:  Pine  timber  growth  improves  as  soil 
drainage  becomes  poorer.  In  the  southern  Coastal  Plain,  an  increase  in  the 
imbibitional  water  value  of  the  subsoil  has  a  favorable  influence  on  height 
growth  in  pine  (Metz  1950  ).  This  is  confirmed  by  Grigsby  (1952)  working  in 
Louisiana. 
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Takl£  7. — Imbibitional  water  values  of  plastic  subsoil  by  soil  spries  arrayed 
in  descending  order  of  site  quality  for  loblolly  pine  on  soils  in  the 
Coastal  Plain  of  Virginia  and  the  Carolinas  (Gaiser  1950) 


Basis:  Number  Imbibitional 
Soil  series  of  observations         water  value  Site  index 


Drainage  imperfect : 

Roanoke   2  11.5=0.19  102 

Scranton   4  1.6  ±0.36  89 

Movock   12  7. 4  ±0.51  86 

Lenoir   12  9.2±  0.73  83 

Atlee  -   3  5. 2  ±0.24  82 

Craven1   14  7. 4  ±  0.59  82 

Norfolk1   37  3.6-0.34  80 

Dunbar   20  6.4-0.34  80 

Onslow   4  6.7±1.16  76 

Others1   9    75 

Leon   2  1.7±0.41  59 

Drainage  poor: 

Elkton   6  11.5+0.74  95 

Coxville   19  10.5x0.78  89 

Portsmouth2   29  5.1=0.25  89 

Bladen   17  10.0=0.72  88 

Bavboro   2  S.S  =  0.43  88 

Fallsington-   5  6.5±0.6S  84 

Others   3    75 


1  Well-drained  soils. 

2  Subsoils  friable  in  ttuse  2  series. 


is  poor,  infiltration  slow,  and  root  penetration  difficult.  The  in- 
fluence of  intractable  layers  on  site  quality  may  be  reversed  by  their 
location  in  the  profile.  The  position  of  a  plastic  layer  of  soil  tends 
to  be  beneficial  if  it  helps  to  maintain  a  constant  water  supply,  or 
it  may  be  detrimental  if  located  so  that  it  restricts  space  available 
for  growing  roots. 

Coile  (194:8  and  1950b)  was  the  first  to  develop  effective  methods 
of  loblolly  pine  site  determinations  directly  from  quantitative  meas- 
urements of  soil  properties  themselves.  He  perceived  that  topographic- 
situation — ridge,  upper  or  lower  slope,  and  bottom  land — are  alone 
insufficient  to  account  for  variation  in  site  quality.  At  least  two  of 
the  numerous  soil  properties  involved  must  be  recognized  for  a 
definitive  estimate  of  site  quality.  These  appear  in  Coile 's  equation 
for  the  lower  Piedmont  region  of  North  Carolina  : 

Site  index  for  loblolly  pine  =  100.04  —  y  —  139  IWV 

where  T  is  the  thickness  of  surface  soil  in  inches  and  I\\  V  is  imbibi- 
tional water  value  of  the  subsoil  (fig.  9).  This  equation  is  generally 
satisfactory,  but  it  does  give  |  Stoehr  1946 )  low  values  when  used 
to  estimate  the  quality  of  poor  sites  in  the  lower  Piedmont  of  the 
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Figure  20. — Relation  of  soil  series  and  depth  to  the  quality  of  loblolly  pine 
sites  in  Virginia  and  the  Carolinas  (Gaiser  1950). 

Carolinas  and  Georgia.19  An  inadequate  appraisal  of  the  drainage 
situation  may  produce  inaccuracy  in  soil-site  determinations.  It  is 
pointed  out  by  Hodgkins  (1956)  that  neglect  of  one  or  more  sig- 
nificant features,  such  as  internal  drainage,  may  lead  to  considerable 

Oft 

error. -u 

19  Conversely  the  results  from  this  formula  may  appear  to  be  high  if  it  is 
applied  where  the  pines  frequently  have  suffered  foliar  damage  and  retardation 
from  recurrent  fires.  In  such  cases  some  figure  between  71  and  78,  depending 
on  intensity  of  the  damage,  may  be  substituted  for  the  constant  100.0-1  (Coile 
1952a).  On  areas  unburned  or  properly  treated  with  prescribed  fires,  however, 
no  change  is  needed. 

In  some  situations  in  the  lower  Piedmont  where  alluvial  soils  are  unusually 
deep  Coile '  s  formula  is  not  readily  applicable.  An  example  of  this  was  found 
in  Wake  County,  North  Carolina,  where  the  soil  depth  measurements  had  to  be 
somewhat  arbitrary  because  of  poorly  defined  profiles  (Ealston  1955).  In  gen- 
eral the  unproductive  soils  are  those  with  a  shallow  A  and  an  impervious  B 
horizon. 

20  Some  additional  precision  can  be  achieved  by  modifying  formulas  to  recog- 
nize local  differences  in  surface  drainage.  Thus,  according  to  Gaiser  (1950) 
working  in  the  Coastal  Plain,  the  logarithm  of  site  index  for  loblolly  pine  varies 
with  drainage  class  as  follows:  For  good  or  imperfectly  drained  soils  it  is 
1.692  -f-  0.110  times  (log  T  -f  log  IWV)  ;  for  poorly  drained  soils  with  plastic 
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Figure  21.— Estimated  site  index  of  loblolly  pine  on  Coastal  Plain  soils  of 
(A)  poor  surface  drainage  with  plastic  subsoils,  and  (B)  good  or  im- 
perfect surface  drainage.  Depths  were  measured  to  the  least  permeable 
horizon   (Gaiser  1950). 

subsoil  it  is  1.715  +  0.110  times  (log  T  +  log  IWV)  ;  and  for  soils  of  poor  sur- 
face drainage  and  friable  subsoils  it  is  1.983  minus  (0.772  over  T)  where  T  is 
in  inches  in  each  instance. 
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Figure  22. — Height  of  loblolly  pine  at  50  years  of  age  in  the  Coastal  Plain  as 
affected  by  the  depth  of  the  A  horizon  and  the  textural  grade  of  the  B 
horizon  in  four   situations  that  differ  in  drainage   (Metz  1950). 

Working  in  the  southeastern  Coastal  Plain.  Metz  -  1950  has  clearly 
portrayed  the  combined  effects  of  surface  drainage,  the  depth  of  A 
horizon,  and  the  texture  of  B  horizon  on  site  quality  for  loblolly 
pine  (  fig.  22  i . 

Research  on  this  problem  is  certain  to  continue  region  by  region. 
So  far.  for  the  southeastern  Coastal  Plain,  the  data  for  loblolly  pine 
appear  in  the  form  most  useful  to  forest  managers  in  Coile's  1952b) 
tabulation,  in  which  the  northern  and  southern  sections  are  separated 
i  table  8  .  Analogous  data  for  use  in  the  Piedmont  are  in  table  9. 
Note  that  the  corresponding  site  indices  for  shortleaf  pine  on  these 
soils  are  6  percent  lower  for  the  2-inch  depth  to  subsoil  and  about 
20  percent  lower  for  the  deeper  surface  soils. 

To  implement  similar  estimates  of  soil-site  quality  for  loblolly 
pine  west  of  the  Mississippi  we  have  the  results  of  studies  by  Zahner 
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Table  8. — Relation  of  Coastal  Plain  soils  to  site  quality  for  loblolly  pine  in 
the  Southeast  (Coile  1952b ) 

VIRGINIA,  NORTH  CAROLINA.  AND  NORTHEASTERN  SOUTH  CAROLINA 


Site  index  when  depth  to  subsoil  in 
inches  is — 


IsUrl-y  Lett  flCt 

ouosoil  uxture 

o 

0 

19 

1  Q 

30 

36 

42 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Well  and  imperfectly 

drained  soils: 

Verv  friable  

.  Sands 

65 

70 

73 

75 

79 

Friable  

Loamy  sands  to  light 

sandy  loams 

70 

75 

79 

81 

83 

85 

Sandy  loams 

73 

79 

82 

85 

87 

89 

Loams 

75 

81 

85 

88 

90 

92 

Semiplastic  

Sandy  clav  loams  to 

clay  loams 

1 i 

83 

87 

90 

92 

9-4 

Plastic  

.  Sandy  clavs  to  clavs 

78 

85 

89 

92 

94 

96 

Poorly  drained  soils: 

Friable  

Sandy  loams  to  sandy 

clays 

75 

81 

85 

88 

90 

92 

93 

Semiplastic  to 

plastic   

Sandv  clavs 

81 

88 

92 

95 

97 

99 

101 

Verv  plastic .... 

Clavs 

85 

92 

96 

99 

102 

104 

106 

SOUTH  CAROLINA,  GEORGIA,  FLORIDA,  AND  ALABAMA 


Site  index  when  depth  to  subsoil  in 
inches  is — 


Subsoil  texture 

Surface  drainage 

6 

12 

18 

24 

30 

36 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Sand  and  loamy  sand .  .  . 

Good 

80 

85 

85 

85 

85 

90 

90 

Imperfect 

90 

90 

90 

90 

90 

90 

95 

Poor 

90 

90 

90 

90 

95 

95 

95 

Sandy  loam  and  sandy 

clav  loam  

Good 

85 

85 

90 

90 

90 

95 

95 

Imperfect 

90 

90 

90 

95 

95 

100 

100 

Poor 

90 

90 

95 

95 

100 

100 

100 

Loam,  clay  loam,  sandy 

clay,  and  light  clay .  . 

Good 

85 

90 

90 

95 

100 

105 

105 

Imperfect 

90 

95 

95 

100 

105 

105 

110 

Poor 

90 

95 

100 

100 

105 

110 

115 

Silty  clay  and  heavy 

clay  

Good 

85 

90 

95 

105 

110 

110 

115 

Imperfect 

90 

95 

100 

105 

110 

115 

120 

Poor 

95 

100 

105 

110 

115 

120 

125 

Silty  clay  loam  and  silt 

loam  

Good 

90 

90 

95 

100 

105 

110 

115 

Imperfect 

90 

95 

100 

105 

110 

115 

120 

Poor 

95 

100 

105 

110 

115 

120 

125 

(1954)  working  in  south  and  central  Louisiana  and  southeastern 
Texas.  How  the  characteristics  of  these  soils  are  related  to  site 
quality  is  shown  in  table  10. 

Zahner  (1957b)  has  recently  extended  this  work  to  the  Coastal 
Plain  uplands  and  terrace  soils  of  north  Louisiana  and  south  Ar- 
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Table  9. — Relation  of  Piedmont  Plateau  soils  iti  the  Carolines  to  site  quality 
for  loblolly  and  shortleaf  pines  (Code  1952a) 


Site  index  when  depth  to  subsoil  in  inches  is — 

Soil  consistence  when  

moist  Species  2        4        6        8      -  10       12  18 


Ft. 

Ft. 

Ft. 

Ft 

Ft. 

Ft. 

Ft. 

Very  friable  

Loblollv 

■57 

79 

82 

86 

89 

91 

Shortleaf 

51 

62 

66 

68 

69 

70 

71 

Friable  

LobloUv 

52 

74 

81 

83 

84 

86 

Shortleaf 

47 

59 

62 

64 

65 

66 

67 

Semiplastic  

LobloUv 

46 

68 

71 

75 

76 

79 

Shortleaf 

43 

.54 

5> 

60 

61 

62 

63 

Plastic  

LobloUv 

38 

60 

63 

68 

69 

70 

72 

Shortleaf 

38 

49 

53 

5-5 

56 

57 

58 

Verv  plastic  

LobloUv 

32 

54 

57 

61 

62 

64 

66 

Shortleaf 

33 

44 

48 

50 

51 

52 

53 

Table  10. — Relation  of  site  quality  for  loblolly  pine  to  the  soils  of  south 

and  central  Louisiana  and  southeast  Texas  < Zahner  1954) 


Site  quality9  when  depth  to  subsoil 


Subsoil  characteristics 

in  inches  is 

Consistence  class  with 

Surface 

range  of  IWY1 

Textural  grade 

drainage 

0-10 

Very  friable.  IWV 

6  to  5  

Sands  to  sandy 

Good 

Low 

Medium 

Medium 

loams 

Poor 

Medium 

Medium 

High 

Friable  to  semiplastic. 

IWY  6  to  15  

Clay  loams  to 

Good 

Medium 

High 

High 

light  clays 

Poor 

Hig^ 

High 

H:g:; 

Plastic,  IWV  16  to  25. 

SUty  clays  to 

Good 

Low 

Low 

Medium 

heavy  clays 

Poor 

Medium 

Medium 

High 

•   -  i  IWV  -. 

ches,  and  IWV  is 

kansas.  Site  estimates  may  be  had  by  distinguishing  between  soils 
with,  or  without  visible  "  horizons "  in  the  profile,  by  recognizing 
slope  of  the  land,  and  by  substituting  more  specific  measures  of 
surface  and  snbsoil  textures.  These  site  characteristics  can  be  related 
to  site  index  table  11  .  The  ability  to  use  a  soil  auger  to  determine 
site  quality  in  quantitative  terms  is  a  most  practical  achievement 
because  it  provides  the  basis  for  valid  estimates  of  potential  timber 
yields  from  bare  lands. 

Regional  distribution  of  sites 

Site  index  is  the  best  single  indication  of  the  capacity  of  forest 
land  to  produce  a  given  species  of  timber.    Hence  the  prevalence  of 
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Table  11— Loblolly  pine  site  index  on  upland  and  terrace  soils  in  north 
Louisiana  and  south  Arkansas  (Zahner  1957b J1 

ZONAL  SOILS    HORIZON'S  VISIBLE 


Site  index  when  depth  of  surface  soil  in  inches 


Textured  grade  of  subsoil 

Slope 

IS  

g 

12 

lo 

— 7i — 

tfU 

Loam  

Percent 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

1-5 

74 

81 

84 

82 

75 

6-10 

70 

80 

78 

72 

11-15 

67 

74 

76 

74 

68 

San ri  V  r*  1  m \"  1  r\a  m 

l-o 

81 

87 

90 

88 

82 

6-10 

84 

86 

84 

7S 

11-15 

73 

80 

83 

81 

74 

Clav  loam  

1-5 

80 

87 

89 

87 

SI 

6-10 

76 

83 

86 

84 

11-15 

70 

79 

82 

80 

73 

Light  clav  and  sandv  clav 

1-5 

76 

S3 

85 

83 

6-10 

72 

79 

82 

80 

73 

Heavy  clay  (over  50  percent 

11-15 

68 

75 

78 

76 

69 

clav)  

1-5 

JO 

79 

82 

80 

73 

6-10 

69 

75 

78 

76 

70 

11-15 

65 

70 

74 

to 

66 

AZONaL  soils   hoelzon  invisible 


Site  index  when  textural  grade  of  surface  soil 


Textural  grade  of  subsoil 

Slope 

IS  

Sandy  loam 

Loam 

Silt  loam 

Sandy  loam  to  sandy  clay  loam 

Percent 

Ft. 

Ft. 

Ft. 
(2) 

0 

80 

73 

2 

87 

79 

(2) 

4 

SI 

74 

(2) 

Loam  to  clav  loam  

0 

90 

85 

(2) 

2 

96 

91 

(2) 

4 

91 

86 

(2) 

Clay  

0 

86 

82 

79 

2 

92 

89 

83 

4 

86 

83 

80 

Silty  clay  loam  to  silty  clay  

0 

70 

69 

2 

77 

75 

4 

71 

70 

1  Zahner 's  equations  are  as  follows: 

cn*—S  Tsfsp*      33  58  +  3174  (CP)  ~  0  0827  {CP)2  +  0  00063  !CPj3  +  2257  m 

Site  index  on  opland  azonai  soils  equals  69. 51  -f  1  805  (So)  -  0.0062  (Sa)(Si)  -  0.0215  (5o)2  -  2.77  (SP 
,    +  0.1)  -  1.227  ( +  O.l)  where 

T    =  thickness  of  surface  soil  or  depth  to  subsoil  (.inches) 

8}   =  percentage  of  silt  in  surface  soil 

2  Combination  of  surface  silt  and  s  bsoil  silt  plus  clay  which  does  not  occur  in  nature. 
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various  quality  classes  of  land  is  important  to  consumers  of  wood 
from  extensive  areas.  The  average  quality  and  the  relative  abun- 
dance of  common  site-index  classes  for  loblolly  pine  in  the  eastern 
part  of  its  range  are  given  in  table  12. 


Table  12. — Relative  abundance  of  land  by  quality  classes  for  growing  lob- 
lolly pine  in  each  of  two  physiographic  regions  in  five  southeastern  states 
(Cruikshank  1954b ) 


Physiographic  region  and  state 

Site 

index  class 

(feet) 

50- 

60 

70 

80+ 

Average 

Percent 

Percent 

Percent 

Percent 

Feet 

Coastal  Plain: 

Virginia  

8 

16 

50 

26 

70 

North  Carolina  

1 

19 

58 

22 

71 

South  Carolina  

8 

46 

46 

76 

Georgia  

8 

26 

66 

SO 

Florida  

14 

23 

63 

80 

All  

2 

14 

48 

36 

73 

Piedmont : 

Virginia  

6 

30 

34 

30 

70 

Xorth  Carolina  

9 

55 

36 

73 

South  Carolina  

2 

15 

55 

28 

72 

Georgia  

11 

54 

35 

73 

All  

(l) 

12 

54 

34 

73 

1  Negligible. 


In  general,  site  quality  is  better  in  the  Coastal  Plain  than  in  the 
hilly  country  and  the  better  sites  are  found  on  the  wetter  and  more 
poorly  drained  soil.  In  many  sections  of  the  Coastal  Plain  slight 
variations  in  drainage'  and  soil  cause  much  local  variation  in  site 
quality.  Still  more  pronounced  differences  in  terrain  in  the  Pied- 
mont Plateau  produce  a  mosaic  arangement  of  site  quality  governed 
largely  by  differences  in  subsoil  characteristics,  slope,  past  erosion, 
and  present  drainage.  Over  closely  dissected  rolling  topography  the 
pattern  of  site  differences  may  be  so  intricate  as  to  defy  portrayal 
on  any  small  map. 

Intensive  maps  of  site  quality  for  individual  timber  properties 
should  be  very  useful  in  silviculture.  The  principles  and  procedures 
for  utilizing  topography  and  soil-site  survey  data  to  construct  pre- 
cise large-scale  site-index  maps  for  properties  under  forest  manage- 
ment have  been  reported  by  Coile  (1948  )  and  by  Zahner  (1957a). 

SUMMARY 

A  complex  of  environmental  influences  limits  the  natural  range 
of  loblolly  pine.  Chief  among  them  are  three  :  low  temperature  at 
the  northern  extremity,  low  rainfall  in  Texas,  and.  until  recently, 
fires  at  too  frequent  intervals  along  the  Gulf  coast.    In  the  north- 
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eastern  part  of  its  range  loblolly  pine  is  confined  to  the  Coastal  Plain, 
but  farther  south  it  enters  the  Piedmont  as  well.  In  the  past  both 
abusive  use  of  fire  and  abandonment  of  cleared  fields  have  modified 
the  pattern  of  today's  pine  forest  area. 

Except  on  the  sandhills  and  on  lands  where  hardwood  species  of 
trees  were  already  abundant  and  firmly  rooted,  loblolly  pine  forests 
were  aggressive  in  the  regeneration  that  followed  removal  of  old- 
growth  stands.  Mixed  with  a  variety  of  minor,  but  well-established  as- 
sociates, loblolly  pines  still  commonly  dominate  the  overstory  in  many 
situations — the  understory  in  some.  Understory  hardwoods  increase 
as  the  second-growth  pine  overwood  becomes  older  and  less  dense. 
Now  loblolly  pine  seedlings  are  handicapped  in  many  ways.  A  re- 
version of  pine  forests  to  more  shade-tolerant  and  generally  less 
valuable  native  hardwoods  is  underway  over  extensive  areas.  This 
trend  stems  from  both  man-made  and  natural  causes. 

The  principal  man-caused  reasons  for  the  increasing  ascendancy 
of  hardwoods  are  fire  protection,  where  it  succeeded  without  benefit 
of  prescribed  burning,  and  the  prevailing  habit  of  leaving  hardwood 
associates  standing  everywhere  pines  are  cut.  The  reversion  of  the 
pine  forest  to  a  broad-leaved  type  can  rarely  be  completely  reversed 
by  any  feasible  action  short  of  clearing  and  planting,  but  it  must  be 
widely  arrested  if  pine  is  to  be  perpetuated  as  a  commercial  crop  of 
timber.  To  grow  pine  the  hardwoods  must  be  reduced  rather  than 
eliminated.  Eradication — seldom  possible — is  not  desirable  because 
the  leaf  fall  from  certain  deciduous  species  improves  the  soil.  Never- 
theless pine  silviculture  succeeds  only  to  the  extent  that  it  effectively 
retards,  or  masterfully  arrests,  the  natural  succession  toward  pure 
hardwood  forests. 

The  principal  natural  reasons  for  the  increasing  ascendancy  of 
hardwoods  involve  soils,  roots,  and  photosynthesis.  (1)  Hardwoods 
tend  to  maintain  the  high  degree  of  fertility  needed  for  their  best 
development.  The  litter  from  several  species  of  hardwoods  brings 
more  nitrogen  and  calcium  to  the  surface,  favors  soil  fauna,  and 
decomposes  more  rapidly  than  that  from  pine.  *  2  I  Hardwood  roots 
sprout  readily  from  residuals  and  develop  more  rapidly  from  seed 
than  roots  of  pine,  particularly  where  the  forest  floor  is  shaded. 
During  drought  roots  of  many  species  of  hardwood  have  an  advan- 
tage over  those  of  pine  in  ramification,  root  hairs,  and  rate  of  early 
penetration.  3  For  hardwoods  as  a  class  photosynthesis  is  not 
reduced  as  soon  by  drought,  nor  as  much  by  shade  as  for  pine,  and 
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hardwoods  can  store  up  more  plant  food  in  the  course  of  a  growing 
season. 

In  pine  forests  light  and  moisture  together  fill  a  fundamental 
need.  A  deficiency  in  moisture  is  the  more  often  severely  limiting  to 
thrift  and  survival.  Favorable  moisture  relations  are  necessary  to 
maintain  an  adequate  flow  for  transpiration  and  to  prevent  desicca- 
tion from  interfering  with  vital  processes.  Poor  surface  drainage 
is  associated  with  good  quality  in  pine  sites  more  often  in  the  Coastal 
Plain  than  in  the  Piedmont.  Loblolly  pine  seedlings  can  withstand 
occasional  flooding  remarkably  well,  but  roots  are  injured  by  pro- 
longed inundation.  The  species  usually  fails  to  reproduce  itself 
naturally  in  wet  bottom  lands,  but.  once  there,  it  thrives,  and  it  is 
capable  of  maximum  growth  in  alluvial  silt,  including  tidewater  sites 
where  hardwoods  are  absent  and  the  water  table  is  under  control. 
"When  in  widely  spaced  even-aged  plantations  having  ideal  moisture 
relations,  the  growth  and  yield  of  loblolly  pine  is  phenomenal. 

Seedlings  of  most  species,  including  pines,  tolerate  more  shade 
than  saplings  or  large  trees,  but  at  all  ages  the  pines  are  less  tolerant 
than  most  of  their  hardwood  associates.  The  shade-grown  loblolly 
pine  seedlings  that  survive  grow  slowly — increasing  in  size  directly 
with  illumination  reaching  the  forest  floor,  at  least  up  to  20  percent 
of  full  sunlight.  Even  at  5  years  of  age.  seedlings  under  70  percent 
light  may  be  twice  as  large  as  those  under  35  percent  light.  The 
rate  of  increase  continues  for  oak  seedlings  only  until  light  reaches 
3.300  foot-candles,  whereas  for  pine  it  increases  until  light  reaches 
9.300  foot-candles,  or  almost  full  sunlight.  Seedlings  which  start 
growth  under  a  low  intensity  of  light  may  die.  Those  that  survive 
are  delayed  in  attaining  resistance  to  both  drought  and  fire  as  com- 
pared to  open-grown  saplings  whose  development  is  more  rapid. 

The  capacity  of  land  to  produce  pine  timber  at  a  satisfactory 
rate  varies  widely.  This  producing  power  is  gaged  by  site  index — a 
measure  which,  until  recently,  was  obtainable  only  from  dominant 
pines  30-70  years  old  on  the  land  in  question.  Site  index  is  the 
average  height  these  trees  had.  or  will  have,  at  50  years  of  age.  This 
remains  the  most  convenient  way  to  estimate  site  quality  wherever 
suitable  sample  trees  are  present.  When  they  are  absent  the  site 
can  sometimes  be  approximated  from  the  development  of  other 
species.  For  example,  the  index  for  shortleaf  pine,  which  may  be 
obtainable,  ranges  from  80  to  95  percent  of  that  for  loblolly  pine, 
often  90  percent.  More  frequently  the  estimate  must  be  made  from 
the  soil  only.  In  general,  the  unproductive  soils  are  the  ones  with 
shallow  surface  soil  and  impervious  subsoil. 
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Several  equations  to  implement  such  estimates  in  various  regions 
are  under  development.  A  simple  one  for  the  Piedmont  states  that 
site  index  equals  100.04  minus  (75  over  T  minus  1.39  IWV,  where 
T  is  thickness  of  the  surface  soil  in  inches  and  IW  V  is  the  imbibi- 
tional  water  value  of  the  subsoil.  The  IWV  may  be  determined  by 
laboratory  measurements,  field  estimates  of  soil  consistence,  or  from 
published  average  values  for  various  soil  series.  More  precise  de- 
terminations of  site  indices  depend  on  thorough  surveys  that  utilize 
formulas  appropriate  to  a  given  locality.  Xo  single  method  is  re- 
liable regionwide.  One  reason  for  this  is  that  a  plastic  layer  of 
subsoil  tends  to  be  beneficial  if  it  helps  to  maintain  a  constant  water 
supply,  or  it  may  be  detrimental  if  located  so  that  it  restricts  space 
available  for  growing  roots. 


Chapter  3 


Protection 

The  previous  chapter  suggests  that  ignorance  of  the  forces  of 
nature  controlling  the  normal  succession  of  forest  types  may  defeat 
the  manager  who  desires  to  perpetuate  loblolly  pine  by  natural  means. 
Another,  and  equally  important,  prerequisite  for  success  in  keeping 
pine  on  the  land  is  adequate  protection.  Timber  growing  should  not 
be  attempted  unless  the  potential  destruetiveness  of  several  injurious 
agencies  is  understood,  and  plans  have  been  laid  to  prevent  or  con- 
trol their  attacks. 

This  chapter  concerns  protection  for  loblolly  pine  from  logging, 
fire,  insects,  animals,  disease,  and  climatic  factors.  The  characteristic 
damage  from  certain  of  these  causes,  against  which  there  is  as  yet 
no  adequate  or  economical  defense,  is  reported  here  also.  It  is  in- 
cluded in  the  expectation  that  new  and  better  ways  can  be  devised 
to  circumvent,  alleviate,  or  otherwise  counteract  some  of  the  presently 
uncontrollable  damage.  In  any  event  in  order  to  fully  redeem  his 
responsibility  to  protect  his  loblolly  pine,  a  forester  must  be  aware 
of  potential  damage  from  each  of  the  six  principal  harmful  agents, 
and  should  acquire  a  working  knowledge  of  the  ones  that  impair  the 
value  of  his  forest  most  often,  most  extensively,  or  most  seriously. 

Until  very  recently  there  could  be  little  question  but  that  fire 
was  enemy  number  one  on  all  three  counts  in  the  loblolly  pine  forest.21 
Xow  insects  vie  for  recognition  as  champion  destructive  agents  be- 
cause of  the  tendency  of  certain  insects,  notably  bark  beetles,  toward 
epidemics  in  recent  dry  years.  Many  loblolly  pines  first  weakened 
by  fire,  lightning,  or  mechanical  injuries  are  killed  by  insects  every 

21  For  many  years  the  South  held  undisputed  first  place  in  any  nationwide 
comparison  of  the  frequency  and  extent  of  or  damage  from  woods  burning. 
This  situation  has  gradually  improved  through  education  in  conservation  during 
the  past  -AO  or  50  years.  Xow  occurrence  is  less,  and,  except  in  periods  of 
drought,  the  toll  smaller.  Prevention,  detection,  and  suppression  of  fire  have 
each  improved  with  organization  to  meet  the  challenge,  until  now  the  place  of 
fire  as  forest  enemy  number  one  is  doubtful. 
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year.  Silviculture  may  be  helpful  both  in  the  advance  removal  of 
susceptible  classes  of  trees  and  in  salvage  of  infested  ones,  but  epi- 
demics call  for  direct  attack.  Progress  in  preventing  damage  will 
depend,  as  in  fire  protection,  on  improved  organization  for  detection 
and  prompt  control.  Aerial  surveys  of  the  insect  situation  are  now 
beginning  to  implement  this  control. 

Disease  injures  or  kills  many  individual  trees,  but  it  ruins  fewer 
whole  stands  of  loblolly  pine  than  do  fire  or  insects.  Loblolly  pine 
seedlings  are  fortunately  less  susceptible  to  mass  destruction  by  the 
brown-spot  disease  than  are  those  of  longleaf  pine.  Mortality  from 
this  disease  is  seldom  serious.  Loblolly  pine  in  the  small-pole  stage 
is  also  less  subject  to  littleleaf  disease  than  is  the  shortleaf  pine. 
Fusiform  rust  is  controllable  and  heart  rot  tends  to  disappear  under 
management  with  the  most  economic  rotations.  Other  troubles,  like 
root  and  butt  rots  in  nurseries  and  plantations  bear  watching,  but 
are  not  yet  limiting. 

Removal  of  moribund  or  dead  trees,  regardless  of  species  or  the 
cause  of  their  condition,  is  advisable.  A  prompt  harvest  is  needed 
both  to  avoid  loss  of  timber  and  to  make  space  for  remaining  and 
younger  trees.  The  difficulty  arises  only  in  avoiding  the  extremely 
large  or  small  losses — the  former  because  they  overtax  manufacturing 
facilities  and  markets ;  the  latter  because  of  the  high  cost  of  locating, 
logging,  and  selling  widely  scattered  individual  dying  trees.  Some 
associated  species  cannot  be  sold.  Fortunately  most  loblolly  pine  is 
readily  accessible  and  in  demand  by  local  markets. 

An  admixture  of  5  to  10  percent  of  intermediate  and  overtopped 
hardwood  trees  in  pine  forests  makes  for  increased  beauty,  health, 
and  quality  of  stems.  It  also  brings  improvement  in  the  soil  and  in 
habitat  for  wildlife.  Such  indirect  benefits  of  having  a  subordinate 
hardwood  component,  however,  are  directly  offset  by  lower  yields  of 
pine  where  the  hardwoods  are  dominant  trees  or  exceed  20  to  25  per- 
cent of  basal  area  (  Paul  1952). 

The  relatively  high  susceptibility  of  pure  stands  to  insect  and 
disease  troubles  has  long  been  recognized.  Natural  mixtures  of 
species  theoretically  are  both  more  resistant  to  infestation  or  infec- 
tion and  are  less  completely  vulnerable  when  attacked.  They  are 
more  attractive  to  wildlife.  Fortunately,  the  hardwood  element 
supplied  by  nature  is  usually  ample  to  provide  all  the  desired  silvical 
and  protective  benefits.  More  often,  as  will  be  discussed  later,  nature 
contributes  too  much  hardwood. 

Artificially  established  mixtures  of  tree  species  are  likewise  easier 
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to  protect  from  both  insects  and  disease  than  are  pnre  stands.  Un- 
fortunately, attaining  a  wholesome  admixture  of  hardwoods  is  more 
of  a  problem  in  plantations  because  of  inequality  in  rates  of  early 
growth.  'With  an  equal  start  loblolly  pine  tends  to  crowd  out  its 
associates.  Hence,  it  should  not  be  set  out  in  too  intimate  a  mixture. 
An  associate  species  should  not  be  mixed  individually  by  or  within 
rows.  Bather,  it  should  be  planted  in  pure  groups  limited  to  9.  16, 
or  25  trees  each.  A  better  (and  easier)  practice  is  to  locate  each 
minor  species  in  alternate  narrow  bands,  though  neither  of  these 
patterns  for  mixed  stands  has  been  adequately  tested  in  relation  to 
site  quality. 

Alternate  strip  planting  of  yellow-poplar  and  loblolly  pine  may 
be  successful  in  the  more  moist  sites  on  the  Piedmont  Plateau,  and 
in  the  well-drained  moist  soils  on  stream  terraces  in  the  Coastal 
Plain,  but  in  general  mixed  plantings  have  been  unsatisfactory. 
For  the  sites  on  which  loblolly  pine  is  usually  planted  it  is  difficult 
to  find  a  relatively  intolerant  species  (  other  than  slash  pine)  with  an 
equivalent  rate  of  growth  or  a  tolerant  species  capable  of  develop- 
ing economic  value  comparable  to  that  of  loblolly  pine.  Accordingly 
the  introduction  of  resistant  species,  or  other  deliberate  modifications 
in  species  composition,  have  as  yet  accomplished  little  in  forest 
protection. 

LOGGING 

Injury  from  logging 

Careless  logging  in  partial  cutting  operations  commonly  injures 
loblolly  pines  in  several  ways.  Many  seedlings  less  than  5  feet  high 
escape  destruction  after  being  knocked  down  during  logqring.  but 
among  trees  over  5  feet  the  smaller  ones  are  the  more  susceptible  to 
immediate  destruction.  Felling  some  timber  inevitably  decapitates 
and  splinters  at  least  a  few  of  the  saplings  and  pole-sized  trees. 
More  are  maimed  as  branches  are  stripped  down.  Careless  skidding 
knocks  bark  off  many  of  the  larger  trees,  leaving  basal  wounds. 
Trees  are  injured  by  trucks  hauling  logs  over  temporary  roadways 
that  are  too  narrow.  Tractors  injure  vital  surface  roots  and  compact 
wet  soils.  Inasmuch  as.  over  a  longer  period,  the  loblolly  pines  that 
are  thus  directly  injured  remain  more  susceptible  to  subsequent  at- 
tack from  insects,  fire,  and  disease,  the  indirect  damage  may  be  even 
greater.  Salvage  crews  must  be  equipped  and  trained  to  avoid 
damage  to  young  growth  and  reserved  trees.  In  partial  cutting 
operations  loggers  likewise  must  use  care  to  prevent  damage  to  the 
reserved  stand. 
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When  portable  mills  are  set  up  within  the  loblolly  pine  forest, 
manufacturing  waste  should  be  so  handled  as  to  avoid  further  dam- 
age. Piles  of  slabs  or  sawdust  not  only  usurp  growing  spaee.  but 
also  create  fire  hazards.  Refuse  burning  without  proper  precautions 
may  scorch  nearby  trees. 

Careless  utilization  practices  cause  many  injured  trees  to  die  of 
complications  necessitating  subsequent  salvage  operations.  Survi- 
vors are  retarded  in  growth,  or  degraded  in  quality,  or  both. 

Avoiding  logging  damage 


In  large  measure  damage  caused  by  logging  is  avoidable,  but  diffi- 
culty in  circumventing  it  has  increased  somewhat  with  mechanization 
in  the  extraction  of  timber  and  some  other  recent  developments. 
For  example  tree-length  logging  of  loblolly  pine,  which  facilitates 
better  utilization  of  raw  materials,  tends  to  increase  damage  from 


skidding.  Trucks  and  tractors  speed  woods  work,  but  may  injure 
more  trees  than  horse-drawn  logs  and  vehicles.  Much  depends, 
however,  on  how  and  when  the  more  powerful  heavy  equipment  is 

Logging  can  be  less  harmful  to  loblolly  pine  if  it  is  timed  properly. 
Early  harvest  of  all  pines  not  needed  for  seed  results  in  less  damage 
later  when  seed  trees  are  removed.  There  is  less  injury  to  reproduc- 
tion if  logs  from  seed  trees  can  be  skidded  out  while  seedlings  are 
still  small  and  flexible.  Damage  is  less  if  trees  are  felled  in  the 
direction  in  which  they  will  be  skidded  and  if  skid  trails  are  fairly 
straight.  This  precaution  is  practical  in  the  Coastal  Plain,  but  less 
feasible  on  rolling  terrain.  On  the  Piedmont  Plateau  skidding  along 
the  contours  causes  logs  to  roll.  This  loosens  and  frequently  breaks 
the  taproots  of  loblolly  pine  seedlings  or  knocks  off  their  bark.  On 
the  short  slopes  logs  may  be  skidded  across  contour  lines  without  in- 
ducing serious  erosion,  so  long  as  the  number  moved  over  the  same 
trail  is  not  too  large.  Seed  trees  left  in  lines,  lanes,  or  strips  are 
removed  with  less  damage  than  are  scattered  seed  trees. 

Where  they  can  be  used,  wheel  tractors  are  less  damaging  than 
the  track-laying  type,  but  1-  and  2-year  seedlings  can  survive  the 
passage  of  tractor  treads.  Soil  and  surface  root  injury  to  trees  can 
be  serious  at  landings  and  along  skidroads  when  heavy  logsring 
equipment  is  used  in  wet  weather.  In  the  lower  Coastal  Plain  many 
feeding  roots  may  be  destroyed  in  this  manner.  Tractors  may  churn 
saturated  soil  severely  enough  to  reduce  the  thrift  of  adjacent  lob- 
lolly pines  and  retard  the  growth  of  subsequent  regeneration 
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(McCulley  1950a).  Such  trouble  is  aAToided  where  stands  are  logged 
in  dry  weather  and  while  the  seedlings  are  still  small.  During 
recent  years  it  has  been  found  that  root  damage  may  induce  bark 
beetle  attacks.  Breakage  loss  among  the  larger  loblolly  pines  also 
can  be  reduced,  if  necessary,  by  an  orderly  succession  of  partial 
cuttings.  This  was  done  in  one  instance  by  taking  out  the  small 
trees  first,  then  the  larger  ones,  and  finally  the  isolated  trees  and 
borderline  culls — thus  avoiding  5  to  20  percent  of  the  usual  damage. 
On  another  job  (240  acres  of  tractor  logging  near  Crossett,  Ark.) 
this  was  not  done,  and  felling  damage  exceeded  skidding  damage. 
Among  the  12  percent  of  the  pines  injured  more  than  half  were 
destroyed  outright  or  found  dead  in  the  next  6  months  (Worthington 
1939). 

Mortality  of  loblolly  pine  following  harvest  commonly  results 
from  a  variety  of  causes,  but  decreases  markedly  with  the  degree  of 
dominance  of  the  trees  left.  The  highest  mortality  is  in  understory 
trees  with  short  narrow  crowns.  Recognition  of  this  tendency  is 
important  in  selecting  seed  trees.  At  one  point  near  Franklin,  Va., 
the  mortality  of  residual  trees  during  19  years  after  harvest  was  as 
follows :  Overtopped,  13  percent ;  intermediate,  22  percent ;  co- 
dominant,  5  percent  ;  and  dominant  trees,  2  percent  (Pomeroy  1919b). 

There  is  no  indication  of  excessive  mortality  in  partially  cut 
timber  less  than  10  years  old,  but  as  Chaiken  (1911)  has  indicated, 
seed-tree  cuttings  in  stands  over  10  years  old  and  without  benefit 
of  intermediate  culture,  may  suffer  appreciable  mortality.  To  avoid 
that,  certain  classes  of  trees  should  be  removed  regardless  of  size. 
These  include  the  ones  with  severe  logging  injury  to  butts  or  crowns, 
and  trees  that  are  overtopped  or  intermediate  with  short,  narrow 
crowns.  Among  trees  less  than  10  inches  in  diameter,  those  with 
poor  vigor  (tall  with  small  crowns)  and  those  which  might  be  left 
in  isolation  should  be  removed.  Pine  mortality  can  be  anticipated 
and  reduced  by  the  deliberate  harvest  of  the  more  susceptible  in- 
dividuals. In  this  manner  some  natural  mortality  is  precluded  and 
losses  are  minimized. 

In  young  merchantable  stands,  commercial  salvage  of  unthrifty 
and  dead  timber  is  often  feasible.  The  value  of  dead  trees  drops 
rapidly  if  they  are  not  utilized  promptly,  especially  in  summer. 
Provision  should  be  made  for  prompt  discovery  and  removal  of  small 
volumes.  Many  individual  trees  can  be  salvaged  if  all-weather 
access  roads  are  provided.  With  dual-w^heel  trucks  additional  dead 
trees  also  can  be  brought  in  during  dry  weather.    Where  roots  were 


PROTECTION 


87 


injured  along  skid  trails  or  elsewhere,  insect-killed  trees  are  often 
found  in  small  groups  that  can  be  salvaged  more  economically  than 
single  trees.  Crews  must  be  organized  and  must  use  mobile  equip- 
ment. A  unit  used  by  one  company  includes  a  one-man  chain  saw, 
a  self-loading  truck,  a  light  tractor,  and  a  versatile  3-man  crew. 
Thus  equipped  this  unit  can  harvest  as  little  as  50  board  feet  per  acre 
economically. 

FIRE22 

The  problem  of  fire 

The  control  of  forest  fire — its  use  or  misuse — is  a  primary  and 
perennial  concern  nearly  everywhere  in  the  South  (plate  3).  As 
elsewhere  in  the  United  States,  the  problem  of  fire  in  the  South  in- 
volves both  prevention  of  destructive  wildfire  and  the  prescription 
of  fire  for  specific  constructive  purposes.  Unlike  most  situations  in 
the  North  and  West,  however,  these  two  phases  of  the  fire  problem 
cannot  be  resolved  independently  because  they  are  closely  inter- 
related in  the  forest  and  in  the  minds  of  local  people.  Fires,  both 
wild  and  prescribed,  can  be  somewhat  unruly  at  times,  and  require 
effective  controls.  Accordingly  fire  behavior  needs  to  be  understood 
in  its  relation  to  fuel  and  weather  and  regardless  of  the  accidental 
or  deliberate  origin  of  the  blaze.  Yet  certain  distinctive  features  in 
the  way  fires  start  within  the  loblolly  pine  belt  need  recognition. 
Although  debris  burners,  hunters,  and  other  people  carelessly  permit 
some  of  their  fires  to  escape,  man-caused  fires  are  fewer  per  unit  of 
area  than  in  the  longleaf-slash  pine  type.  There  is  less  popular 
demand  for  woods  grazing  privileges,  less  woodland  forage  for  cattle, 
and  more  segregation  of  livestock  in  fenced  and  improved  pastures. 
Hence  fewer  stockmen  have  any  incentive  to  start  fires. 

On  the  other  hand  the  control  of  fire  in  loblolly  pine  becomes 
more  difficult  north  of  the  turpentine  belt  because  of  the  diversity  of 
forest  fuels.  Unlike  longleaf  pine,  loblolly  pine  seedlings  possess 
no  thick-barked  "grass  stage"  highly  resistant  to  fire.  Most  seed- 
lings under  5  feet  in  height  are  killed  by  prescribed  burning.  Shade- 
grown  saplings,  with  bark  and  height  growth  both  retarded,  long 
remain  susceptible  to  killing  by  light  fires.  Nor  do  they  have  the 
noteworthy  ability  of  shortleaf  pine  to  sprout  from  the  base  after 
fire  deadens  the  tops.    These  features  aggravate  the  fire  problem. 

The  state  forest  services  are  increasingly  concerned  with  the 
overall  control  of  forest  fire.  Other  agencies  contribute  within  the 
framework  of  their  special  or  local  interests  as  follows :  the  U.  S. 

22  Additional  information  on  fire  may  he  found  in  chapters  2,  4,  5,  and  7. 


PROTFXTIOX  89 

Forest  Service  in  or  near  the  national  forests,  and  on  other  lands 
through  advisory  participation  in  interstate  compacts,  and  as 
authorized  under  the  Clark  McNary  law;  the  Soil  Conservation 
Service  in  their  conservation  districts;  the  Defense  Department  on 
military  bases;  the  lumber,  pulp,  and  paper  industries  on  company 
lands  and  adjacent  supply  areas;  and  protective  associations  on  the 
private  holdings  of  members.  The  division  of  responsibility  among 
these  groups  usually  rests  on  definite  agreements  that  generally 
work  well.  Together  they  have  on  hand  considerable  equipment  for 
the  suppression  of  forest  fires. 

Policy  toward  fire 

The  South  has  long  been  considered  provincially  backward  in 
its  prevailing  attitude  toward  forest  fire  because  local  people  have 
tolerated  promiscuous  burning  there  longer  than  in  other  regions. 
The  South  as  a  result  of  increasing  appreciation  and  recognition  of 
timber  values,  is  now  definitely  outgrowing  its  traditional  apathy. 
Protection  from  fire  has  been  relatively  effective  in  recent  years. 
Recognition  of  the  need  for  a  high  degree  of  selective  control  generally 
is  replacing  the  earlier  misplaced  emphasis  on  rigid  blanket  exclusion. 

Now  it  is  realized  that  the  extensive  use  of  fire  for  silvicnltnral 
purposes  definitely  reduces  both  the  incidence  and  the  damage  from 
wildfire;  in  this  manner  it  mitigates  effectively  the  overall  problem 
of  fire  protection.  Some  foresters  have  been  fomenting  the  changed 
attitude  for  30  years.  H.  H.  Chapman's  pioneering  exhortations 
of  the  nineteen  twenties  fell  on  deaf  ears.  Experiments  with  fire  in 
the  nineteen  thirties  seemed  merely  to  arouse  apprehension  and 
to  forebode  trouble.  Xot  until  the  nineteen  forties  were  any  effective 
pleas  made  for  the  recognition  of  controlled  burning  in  protecting 
and  growing  loblolly  pine.  Then  the  meaningful  new  term  "pre- 
scribed burning"  was  introduced  (  Conarro  1942).  In  many  sections 
the  need  for  extending  the  use  of  controlled  burning  became  more 
apparent  because  of  the  growing  difficulty  of  maintaining  adequate 
protection  from  fire  with  the  older  methods  alone. 

Xow  as  more  and  more  forest  managers  are  beginning  to  pre- 
scribe and  use  fire  for  various  constructive  purposes  in  growing 
loblolly  pine,  they  are  finding  that  relations  with  the  local  people 
are  improving.  In  one  instance  the  incendiary  problem  was  reduced 
75  percent.  It  has  been  found  on  the  Francis  Marion  National 
Forest  in  South  Carolina  that  fuel  reduction  by  prescribed  burning 
decreases  the  acreage  of  wildfires,  and.  through  easier  access,  reduces 
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the  cost  of  suppression,  niopup.  and  cultural  operations  after  each 
fire  (Hills  1954).  Prevention  campaigns  are  needed  elsewhere  as 
deliberate  incendiarism  and  careless  burning  of  debris  are  each 
responsible  in  some  places  for  a  third  of  the  fires. 

To  reduce  the  risk  of  fire  in  loblolly  pine,  local  foresters  can,  first 
of  all.  improve  public  relations.  On  some  forests  such  improvement 
has  followed  the  introduction  of  a  program  of  prescribed  burning 
to  lover  the  hazard  from  accumulated  fuels.  At  the  same  time  the 
introduction  of  silvicultural  harvests,  girdling  or  poisoning  unde- 
sirable trees,  and  clearing  to  plant  seedlings  may  be  expected  to 
increase  fire  hazards  temporarily  in  some  places.  This  is  inevitable 
in  the  process  of  the  current  work  to  improve  species  composition, 
control  the  density  of  many  stands,  and  reestablish  others.  But  in 
operations  to  manipulate  stand  structure  and  to  sustain  yields, 
forest  managers  can  materially  reduce  the  risk  of.  and  damage  from, 
fire  on  the  property  as  a  whole  as  they  zone  or  subdivide  a  forest — 
using  access  roads  to  reach,  and  lane  barriers  to  restrict,  fires.  Be- 
cause of  these  interrelations  the  extent  and  intensity  of  timber 
management  will  materially  influence  the  overall  problem  of  con- 
trolling fires. 

Until  very  recently  the  degree  of  control  over  fire  in  loblolly  pine 
forests  has  not  been  sufficient  for  the  business  world  to  recognize  the 
usual  forestry  enterprise  as  an  insurable  risk.  That  situation  also 
is  changing.  One  company  is  accepting  applications  for  limited 
insurance  of  certain  forest  fire  risks  in  the  South  Greene  1956). 
The  policies  are  designed  to  cover  damage  to  both  plantations  and 
natural  stands.  The  basic  cost  of  this  insurance  varies  with  the 
level  of  risk  and  hazard  currently  recognized  as  typical  of  each  of 
the  states.  Then  the  premium  is  adjusted  up  or  down  ac  ording  to 
practices  or  conditions  that  detract  or  add  to  local  safety.  A  top 
credit  of  20  percent  now  goes  to  certified  tree  farms.  Various  pro- 
tection measures,  such  as  firebreaks  and  fire  fighting  equipment, 
qualify  a  timber  property  for  several  lesser  credits.  On  the  other 
hand,  lack  of  protection  raises  the  premium  charge  50  percent,  while 
various  abnormal  hazards  result  in  additional  charges.  Prescribed 
burning  is  favored,  though  damage  that  may  result  from  loss  of 
control  of  such  fires  is  not  covered.  The  system  of  making  detailed 
appraisals  of.  and  allowance  for.  the  elements  of  risk  are  such  that 
good  forestry  practices  are  encouraged.  This  system  may  well  stim- 
ulate new  forestry  projects  and  lead  to  wider  coverage  where  forestry 
is  already  a  firmly  established  business. 
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The  danger  of  fires — their  causes,  periodicity,  and  control 

Man  is  primarily  responsible  for  the  frequency  of  forest  fires  in 
the  South,  whether  as  a  result  of  intent  or  carelessness.  Lightning, 
an  important  cause  in  some  parts  of  the  United  States,  caused  only 
1.3  percent  of  the  southern  forest  fires  in  the  decade  1945  through 
1954. 

The  timing  of  fire  can  readily  modify  its  adverse  or  favorable 
effects  '  n  loblolly  pine.  Even  light  or  infrequent  burning  within 
5  years  of  seedfall  usually  destroys  loblolly  pine  reproduction.  Sum- 
mer fires  tend  to  be  more  destructive,  but  fortunately  wildfire  is 
most  prevalent  between  autumn  and  early  spring,  or  in  the  Coastal 
Plain  of  South  Carolina  from  January  to  March  inclusive.  In 
Mississippi  most  of  the  fire-,  in  the  loblolly  pine  type  of  forest  occur 
in  the  autumn  after  leaf  fall.  In  flash  fuels,  such  as  pine  straw  and 
dead  grass,  fast  spreading-  fires  can  start  a  few  hours  after  a  half- 
inch  rain  during  the  dormant  season. 

Forest  managers,  however,  need  local  experience  to  know  in  which 
season  to  expect  trouble  with  fire  in  loblolly  pine  forest.  Perhaps 
the  most  important  research  contribution,  to  supplement  this  ex- 
perience, is  the  development  of  procedures  for  measuring  fire  danger. 

Daily  estimates  of  the  local  situation  are  made  at  numerous  fire 
danger  stations.  Two  indices  are  used.  The  '"build-up  index." 
based  entirely  on  fuel  m<  isture.  measure-  progressive  drying  of  the 
deeper  fuels,  and  therefore  to  some  extent  is  a  measure  of  the  diffi- 
culty of  control.  It  is  most  useful  in  deciding  on  the  size  of  attack 
forces :  it  is  helpful  also  in  deciding  when  the  use  of  fire  may  be 
prescribed. 

The  "burning  index"  has  a  broader  base.  The  data  for  it  in- 
clude fuel  moisture,  wind  velocity,  condition  of  the  lesser  vegetation, 
and  the  build-up  index.  The  burning  index  measures  the  severity 
of  current  burning  conditions  Keetch  1954.  Nelson  1955b  i.  For 
example  in  the  deep  South,  the  readings  denote  fire  danger  as  follows: 
1  low.  2-5  moderate.  6-17  medium.  20-25  lush,  and  50-100  extreme. 
<  m  the  scale  still  used  in  the  Northeast  the  corresponding  readings 
are  exactly  double. 

The  burning  index  is  related  to  size  and  rate  of  spread  (table 
13).  A  measure  of  the  relative  effectiveness  of  prevention  programs 
is  afforded  by  the  number  of  fires  experienced  per  thousand  units  of 
burning  index.  A  high  index  can  mean  that  fires  will  be  more  nu- 
merous, faster,  larger,  and  more  difficult  to  control.  This  index  is 
most  useful  in  critical  periods.    If.  for  example,  it  reaches  75  or  if 
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Table  13. — Behavior  of  surface  fires  in  relation  to  burning  index1 


Fastest  25  percent  of  fires 

All  fires,  average  rate   

of  spread — increase  in    Mate  of  spread — in-      Size  attained  in  first 


Burning  index2        perimeter  per  hour       crease  in  perimeter      hour  of  free  burning 

per  hour  time 


Chains  Chains  Acres 

10   23  55  10 

20   27  80  23 

30   32  104  38 

40   37  128  58 

50   42  152  83 

60   46  176  110 

70    50  200  142 

80   55  223  178 

90   59  247  217 

100   63  270  260 


1  Data  by  John  Keetch  cited  by  Nelson  '1955a,)  and  applicable  to  various  fuel  types  that  are  typical  of  extensive 
areas  of  loblolly  pine  forest. 

2  Burning  index  values  based  on  meter  number  S-100  used  in  the  South  and  Southeast.  Those  who  use  meter  number 
8  in  the  Northeast  need  to  double  the  above  values  of  the  burning  index. 

both  indices  exceed  50.  the  stage  is  set  for  an  explosive  type  of  fire.23 
Daily  fire  danger  readings  indicate  when  to  hire  extra  men  or  to 
discharge  or  reassign  them  to  save  money.  Worrell  (1955c)  recently 
reported  on  the  economics  of  forest  protection  in  Georgia  where 
four  times  as  many  wildfires  were  occurring  on  Class  5  days  as  on 
Class  3  days.  More  than  20  airplanes  are  now  available  there  for 
fire  duty,  but  air  patrol  has  been  economical  only  in  those  periods 
when  visibility  was  poor,  fires  were  frequent,  or  potential  damage 
was  high.  With  air  patrol  to  check  smoke  during  the  worst  periods, 
one  man  can  combine  the  jobs  of  tower  watchman  and  ground  checker 
during  other  periods.  "With  a  light  fire  load  towers  alone  afford  the 
cheapest  detection,  but  if  the  danger  is  high  the  combination  of 
towers  and  air  patrol  is  most  economical.  The  fire-weather  stations 
can  indicate  when  and  where  such  clanger  exists  in  the  loblolly  pine 
type. 

On  the  ground,  mechanization  of  equipment  to  reach,  confine, 
and  suppress  fires  has  increased.  Appropriate  machines  need  to  be 
evaluated  in  terms  of  output  comparable  to  that  from  crews  using 
handtools.    Well-trained  crews  with  handtools  can  maintain  a  con- 

23  To  integrate  the  readings  from  the  two  indices,  one  further  step  has  been 
taken  for  northern  forests.  Preparedness  classes  have  been  charted  to  provide 
a  better  measure  of  the  job  load  in  suppression  than  is  afforded  by  either  index 
alone  (Xelson  1955b;.  These  classes  provide  a  handy-  basis  for  adjusting  the 
fire  control  force  up  or  down  to  match  current  conditions.  They  are  useful 
also  in  certain  higher  level  administrative  decisions.  They  provide  advance  in- 
formation as  to  when,  for  reasons  of  safety,  forests  should  be  closed  to  public 
use.    Their  extension  to  the  loblolly  pine  forest  would  be  advantageous. 
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stant  rate  of  fireline  production  for  an  hour  or  two,  but  thereafter 
under  rough  and  difficult  conditions,  their  rate  of  production  drops 
rapidly.  Human  fatigue  is  not  so  great  where  fireline  plows  are 
used;  crews  can  sustain  their  effort  over  a  much  longer  period.  Be- 
cause of  variation  in  soil,  ground  cover,  sod,  timber  stand,  and 
terrain,  there  can  be  no  universal  machine.  The  tractor-pulled  multi- 
ple-disk fireplow  has  proved  to  be  the  most  effective  fire  fighting 
weapon  in  the  flatwoods  and  less  rugged  hill  country  of  the  South. 
A  plow  of  suitable  weight.  500  to  3,300  pounds,  when  adequately 
powered  by  a  crawler  tractor,  can  often  build  more  fireline  in  a 
given  time  than  25  or  30  men  (Hartman  1949).  A  design  combining 
the  rolling  coulter,  plow,  and  disks  makes  a  wide  fireline  and  moves 
a  given  volume  of  soil  with  the  least  power,  but  on  rough  or  stony 
ground  a  moldboard  plow  is  more  effective  and  dependable. 

The  track  laying  type  of  tractor  is  widely  used  throughout  the 
loblolly  pine  belt.  In  open  sapling  stands  with  light  soil  and  sod, 
a  plow  and  crawler  tractor  rated  at  18  to  20  D.B.H.P.  (drawbar 
horsepower)  has  proven  satisfactory.  In  dense  young  stands,  or 
under  tough  sod  conditions,  crawler  tractors  rated  at  40  to  60 
D.B.H.P.  are  needed  to  construct  firelines  at  an  acceptable  rate. 
The  plow  units  are  usually  moved  to  fires  on  radio-equipped  trucks  or 
trailers  of  appropriate  capacities.  Fireline  plows  and  vehicles  to  trans- 
port them  are  under  constant  development.  A  tractor-plow  unit  is 
desirable  for  each  25  to  50  thousand  acres  to  be  protected  in  the 
Coastal  Plain.  For  maximum  effectiveness  the  basic  plow-unit  crew 
should  be  experienced,  organized,  and  supplemented,  during  periods  of 
high  fire  danger,  by  men  trained  to  hold  constructed  lines. 

Relation  of  fire  to  cutting 

The  passing  of  exploitation  cutting  followed  closely  by  destruc- 
tive burning  has  not  ended  the  association  of  timber  harvest  and 
woods  fires.  The  need  to  consider  them  jointly  arises  because  fuel 
reduction  is  seldom  the  only  constructive  purpose  in  using  fire.  The 
most  reliable  experience  in  handling  fire,  or  cutting  timber,  is  that 
acquired  locally.  Ground  cover,  humus  types,  and  forest  fuels  do 
vary  significantly  from  hilly  to  flatwoods  locations  yet  there  is 
enough  similarity  within  the  loblolly  pine  type  of  forest  in  the 
Coastal  Plain  to  make  the  empirical  lore  of  one  section  helpful  else- 
where. The  use  of  fire  in  the  rolling  upper  Coastal  Plain  and  in 
the  Piedmont  is  limited  and  the  more  costly  because  contiguous 
large  areas  in  need  of  uniform  treatment  are  seldom  found.  On 
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some  slopes  burning  induces  the  loss  of  valuable  soil  through  erosion ; 
the  ultimate  use  of  fire  in  the  Piedmont  is  still  questionable. 

A  system  of  light  but  frequent  intermediate  cuttings  lessens  fire 
hazard  through  a  favorable  dispersal — in  both  time  and  space — of 
the  logging  debris  which  contributes  fuel  for  fires.  Cutting  heavily 
and  at  longer  intervals  concentrates  logging  waste  on  relatively  small 
areas  that  may  require  special  precautions  for  protection. 

The  timing  of  prescriptions  for  burning  is  of  prime  importance. 
Fire  has  been  prescribed  and  used  extensively  in  the  lower  Coastal 
Plain  for  preparing  seedbeds.  Then  in  young  well-stocked  stands 
the  principal  purpose  in  burning  is  to  reduce  fuel  supply  and  fire 
hazard;  in  stands  that  are  older  or  more  open,  the  main  purpose 
becomes  suppression  of  hardwood  underbrush.  Fires  kill  larger  hard- 
woods in  summer  than  in  other  seasons,  but  the  frequency  with  which 
burning  is  advisable  or  possible  varies.  Often  fuel  must  be  allowed 
to  accumulate  up  to  3  years  before  an  area  can  support  the  type  of 
fire  desired.  Cutting  can  be  timed  accordingly.  Burning  is  usually 
prescribed  for  an  area  before  loblolly  pine  timber  is  marked  for 
any  kind  of  cutting.  The  tops  of  cut  trees,  always  an  added  hazard, 
are  less  so  when  they  rest  on  a  freshly  burned  surface.  A  fire  be- 
fore each  intermediate  cut  makes  hardwood-control  burning  at 
regeneration  time  less  difficult  and  more  effective.  Once  regeneration 
is  complete,  further  burning  should  be  deferred  until  the  dominant 
seedlings  reach  resistant  size.  Then  the  first  fire  in  the  young  stand 
should  be  a  light  winter  fire. 

The  Francis  Marion  in  South  Carolina  and  the  Sam  Houston  in 
Texas  are  the  national  forests  in  the  coastal  flatwoods  that  led  the 
way  in  such  uses  of  fire  for  loblolly  pine  forests.  Both  now  have 
intensive  and  successful  burning  programs  for  the  benefit  of  lob- 
lolly pine.  Burning  for  various  purposes  covers  about  one-seventh 
of  the  pine  area  in  the  Francis  Marion  Forest  annually  (Riebold 
1955b). 

The  practice  developed  on  these  forests  has  now  been  extended 
to  loblolly  pine  in  several  other  districts  within  the  national  forests 
in  most  of  which  fire  had  already  been  introduced  for  the  benefit  of 
longleaf  pine:  The  Conecuh  in  Alabama;  the  Strong  River,  Chicka- 
sawhay,  and  Leaf  River  in  Mississippi;  and  the  Evangeline  and 
Catahoula  in  Louisiana.  In  the  loblolly  pine-shortleaf  pine  type, 
fire  has  been  prescribed  for  some  100,000  acres  of  national  forest 
(exclusive  of  the  Francis  Marion  and  the  Sam  Houston)  since  1949. 
A  considerably  larger  area  is  recognized  as  in  need  of  this  prescrip- 
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tion  as  soon  as  trained  personnel  and  funds  for  such  work  can  be 
made  available.  Controlled  burning  for  constructive  purposes  is 
likewise  being  practiced  in  several  industrially  owned  forests  by 
progressive  lumber  companies  like  the  one  at  Crossett.  Ark.  A 
recent  canvass  by  a  state  commission  of  forestry  in  South  Carolina 
showed  that  about  64.000  acres,  mostly  in  the  loblolly  pine  type,  were 
prescribed-burned  by  private  interests  there  in  the  period  1952  to 
1957. 

All  controlled  fires,  regardless  of  the  specific  purpose  served,  con- 
tribute to  the  ease  of  protecting  forest  property  from  wildfire. 

Types,  behavior,  and  handling  of  fire 

Both  the  suppression  of  wildfire  and  the  eontrol  of  prescribed 
fire  are  easier  when  atmospheric  and  ground  conditions  are  favor- 
able. The  common  and  typical  surface  fire  is  easily  handled  if  it 
does  not  '"crown""  or  go  underground.  The  persistent  and  costly 
subsurface  fire  is  fortunately  infrequent  in  the  loblolly  pine  type, 
but  it  may  occur  in  very  dry  times  in  bottoms  and  swamps  where 
there  is  a  deep  accumulation  of  partially  decomposed  organic  mat- 
ter. Such  fires  kill  the  largest  as  well  as  the  smallest  trees.  The 
problem  of  controlling  fires  in  organic  soils  will  become  increasingly 
important  where  loblolly  pine  is  planted  on  swamp  lands  now  being 
drained  to  control  the  level  of  ground  water. 

Crown  fires  also  are  fortunately  becoming  increasingly  uncommon 

in  the  South.     Carried  by  strong  winds,  they  are  most  likely  to 

occur  on  areas  where  there  are  heavy  accumulations  of  the  more 

flammable  fuels,  especially  where  tall  understories  draped  with  needle 

litter  may  bridge  the  gap  between  the  forest  floor  and  the  crowns 

above.    Fire  travels  most  readily  through  the  treetops  where  they 

form  a  continuous  dense  canopy.    More  destructive  still  is  the  type 

of  fire  known  as  a  "blow-up"'  fire.    Such  fires  are  not  so  common  in 

the  loblolly  pine  belt  as  in  the  turpentine  pine  forest,  perhaps  because 

of  the  absence  of  extensive  unbroken  stands,  but  they  are  possible 

and  may  be  catastrophic.24 

24  Occasionally  fires  develop  with  an  intensity  far  out  of  proportion  to  the 
apparent  burning  conditions.  Such  fires  form  their  own  "chimney"  or  con- 
vection column.  When  this  is  well  started  a  violent  chain  reaction  in  energy 
conversion  takes  place  which  may  not  level  off  until  the  column  is  several  thou- 
sand feet  high.  Byram  (1954  reports  "blow-ups"''  most  likely  when  the  follow- 
ing conditions  exist  simultaneously:  (1  Fuels  are  dry  and  plentiful.  (2  The 
atmosphere  is  or  was  unstable  for  hours,  possibly  days  before  the  fire.  (3) 
Wind  speed  in  free  air  is  IS  miles  per  hour  or  more  at  a  height  equal  to,  or 
not  much  above,  the  fire.  (4)  A  decrease  in  wind  with  altitude  for  several 
thousand  feet  above  the  fire,  with  the  possible  exception  of  the  first  few  hun- 
dred feet. 
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To  reduce  hazards  safely,  to  destroy  sprouts  effectively,  or  other- 
wise to  prepare  for  regeneration  properly,  fires  need  skillful  handling. 
Backfires  are  often  used  in  young  stands  as  an  effective  means  of 
halting  an  unruly  head  fire,  whether  it  be  accidental  or  prescribed. 
Another  way  to  stop  the  onward  rush  of  such  a  fire — without  gen- 
erating the  extra  heat  that  develops  in  a  collision  between  fires — is 
by  control-burning  with  the  wind  on  short  successive  strips  to 
remove  fuel  from  the  path  of  the  advancing  head  fire. 

Recent  work  in  Texas  to  suppress  understory  hardwoods  (  Vincent 
1955  '  indicates  that  the  best  conditions  for  winter  burning  in  blocks 
of  50  to  several  hundred  acres  of  loblolly  pine  are  about  as  follows : 
fuel  moisture  stick  readings  4  to  8  percent  averaging  6.  wind  3-8 
miles  per  hour  in  the  open  averaging  6.  and  temperature  40°  to  6CTF. 
Relative  humidities  below  50  percent  are  needed  for  effective  burn- 
ing in  the  light  fuels  of  the  Atlantic  Coastal  Plain.  Backfires  raise 
the  temperature  higher  near  the  ground  than  do  head  fires,  but 
backfires  are  on  the  whole  relatively  cool.  slow,  and  erratic.  They 
may  fail  to  cover  the  area  and  may  not  kill  enough  of  the  hardwoods. 
When  backfires  are  not  hot  enough,  as  is  often  the  case  in  older 
stands  of  pine,  head  fires  are  used.  The  type  of  fire  needed  is  one 
with  flames  1  to  3  feet  high  progressing  with  an  angle  of  30"  to  45° 
and  advancing  about  4  chains  per  hour. 

Burning  can  be  readily  controlled  when  it  starts  with  a  fire  that 
can  creep  against  the  wind  at  1 4  to  1  chain  per  hour,  and  is  followed 
by  head  fire  used  in  short  progressive  strips.  In  the  absence  of 
extra  hazard,  such  as  needle  drape  on  underbrush  or  saplings,  strip- 
firing  can  be  done  with  a  2-chain  interval.  Strip  number  2  is  not 
ignited  until  the  man  firing  strip  number  1  has  progressed  about 
2  chains.  The  two  men  used  on  plow  crews  average  60  to  80  chains 
of  line  per  hour.  The  men  handling  the  fire  plan  to  cover  200  acres 
per  man-day.  burning  mostly  between  noon  and  4 :00  p.m. 

Resistance  to  injury  and  appraisal  of  damage 

Fires  may  injure  pine  seeds,  seedlings,  and  soils.  Pine  seeds  are 
usually  safe  from  fire  unless  it  sweeps  the  forest  floor  after  seed- 
fall,  but  prior  heat  injury  may  come  from  a  severe  fire.  A  slash  burn 
at  Crossett.  Ark.,  is  reported  (Meyer  1955^  to  have  had  the  follow- 
ing lethal  effects  on  seeds  within  cones  on  the  scorched  crowns  of 
the  pines. 


Fire  injury  to  crown 


Viability  of  seeds 
(  percent) 


Killed  

Upper  half  unscorched 
Uninjured  


16 
50 
70 
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Direct  damage  from  fire  i«>  the  forest  soil  is  dependent  on  the 
type  of  humus.  It  is  often  negligible  and  superficial  where  moisture 
in  the  humus  layer  keeps  the  temperature  below  the  kindling  point. 
In  the  Piedmont  the  unincorporated  organic  matter  in  mor  types  of 
soil  is  more  likely  to  be  consumed  by  fire  than  is  the  organic  material 
mixed  with  mineral  matter  in  the  mull  types  (Metz  1954). 

Small  loblolly  pine  seedlings  of  any  age  are  vulnerable  even  to 
light  fires;  burning  has  often  destroyed  extensive  stands  outright. 
Winter  or  spring  fires  that  kill  none  of  the  3-inch  or  larger  trees 
and  only  4  percent  of  the  2-inch  trees,  may  kill  95  percent  of  the 
smaller  ones,  including  all  below  5  feet  in  height  (Burns  1948).  In 
one  instance  three  annual  fires  beginning  the  first  year  left  only  1 
percent,  and  a  single  second-year  fire  killed  82  percent  of  the  1-inch 
d.b.h.  class.  Resistance  increases  with  diameter  and  bark  thickness. 
Pine  saplings  up  to  2  inches  in  d.b.h.  are  killed  by  fire  of  medium 
intensity,  and  by  fires  of  high  intensity  up  to  4  inches  in  d.b.h. 
(Anderson  1941).  Free-growing  seedlings  become  resistant  to  injury 
by  winter  fires  in  6  to  10  years,  depending  on  degree  of  dominance. 

Mortality  in  a  seedling  stand  after  a  light  fire  may  continue  for 
more  than  6  weeks.  Hence,  damage  appraisals  are  best  deferred  until 
3  months  after  a  fire  (MacKinney  1935).  This  conclusion  is  wise  also 
in  the  case  of  pole-size  and  timber  trees,  for  many  of  these,  weakened 
first  by  fire,  succumb  later  to  secondary  complications. 

The  immediate  and  direct  damage  to  vegetation  from  fire  results 
from  three  primary  variables:  (1)  intensity  of  the  fire,.  (2)  initial 
vegetal  temperature,  and  (3)  lethal  temperature  of  plant  tissue. 
Byram  and  Nelson  (1952)  have  found  that  the  lethal  effects  of  a 
given  intensity  of  fire  vary  inversely  as  the  difference  between  (2) 
and  (3)  above.  The  lethal  temperature  for  plant  tissue  is  about 
140°F.  (60°C).  The  temperature  of  pine  foliage  in  bright  sunlight 
may  exceed  105°F.  (40°C).  Hence,  an  increase  of  only  35°F.  (19T.) 
eould  kill  the  needles.  At  a  temperature  just  above  freezing  the 
trees  can  stand  a  fire  more  than  twice  as  intense  as  one  on  a  warm 
day  when  the  vegetation  temperature  is  95 °F.  (35°C).  The  rate  of 
temperature  rise  is  in  inverse  proportion  to  the  size  of  the  affected 
parts.  The  foliage  and  buds  of  pines,  being  relatively  thin  and  light, 
are  brought  more  quickly  to  lethal  temperatures  in  a  fire  than  is  the 
rest  of  the  tree.  Buds  often  remain  intact  while  the  needles  are  all 
scorched  and  such  trees  may  live  if  the  base  is  not  injured.  Feeding 
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roots,  though  considered  still  more  sensitive  than  foliage,  are  normally 
well  insulated  within  the  mineral  soil.  If  and  where  they  emerge  into 
the  humus  above  they  may  burn. 

The  lethal  temperature  varies  somewhat  with  exposure  time.  A 
laboratory  study  of  heat  resistance  in  foliage  of  the  southern  pines 
revealed  these  relationships  (Nelson  1952)  : 

Duration  necessary 
Killing  temperature  for  lethal  effect 

(degrees  C.)  (minutes) 

52   13.3 

53   9.7 

54   6.4 

55   4.5 

56   3.5 

58   1.2 

60   0.5 

62   0.2 

64   0.1 

These  relations  determined  in  water  bath  are  a  conservative  basis  for 
estimating  heat  resistance  in  dry  air. 

A  high  percentage  of  loblolly  pines  with  needles  consumed  by 
flame,  leaving  only  short  stubs,  have  had  their  buds  killed.  Many 
of  these  trees  may  be  expected  to  die,  especially  if  the  fire  is  in  sum- 
mer. If  after  a  week  or  two  the  inner  bark  near  the  ground  adheres 
tightly  to  the  wood  and  is  discolored  more  than  halfway  around,  the 
tree  probably  will  not  recover.  To  judge  the  prospects  for  recupera- 
tion among  trees  with  intermediate  degrees  of  injury  is  more  difficult. 
In  one  instance  a  fire  that  killed  half  the  trees  that  were  100  percent 
scorched,  killed  a  quarter  of  those  scorched  90  to  100  percent,  18  per- 
cent of  those  50  to  90  percent  scorched,  and  only  11  percent  of  the 
ones  less  than  50  percent  scorched.  A  recent  study  in  Texas  (Fergu- 
son 1955)  was  designed  to  aid  early  evaluation  of  damage  when 
relying  on  two  of  the  following  three  avenues  of  injury:  (1)  complete 
crown  scorch,  (2)  extensive  basal  injury,  and  (3)  severe  bark  burn.25 
The  primary  and  early  secondary  damages  from  fire  were  not  sepa- 
rated. As  always  the  smaller  trees  were  the  more  susceptible  to  fatal 
injury,  and  summer  burning  was  roughly  twice  as  destructive  as 
winter  burning. 

Ferguson  suggests  that  foresters  concentrate  salvage  operations 
on  trees  most  likely  to  die  by  cutting  the  following  classes  of  dam- 
aged trees,  the  highest  risk  classes  being  listed  first : 

25  In  this  study  ' '  extensive  basal  damage ' '  meant  that  half  or  more  of  the 
circumference  was  affected.  ' '  Complete  crown  scorch ' '  meant  that  no  green 
needles  were  left.     Mortality  data  probably  included  insect  damage  as  well 

as  fire  damage. 
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1.  All  foliage  consumed. 

2.  Complete  crown  scorch  combined  with  either  very  severe  bark 
burn  or  extensive  basal  damage,  or  extensive  damage  by  very 
severe  bark  burn  alone. 

3.  In  trees  damaged  by  summer  fires,  complete  crown  scorch 
alone,  extensive  basal  damage  alone,  or  very  severe  bark  burn 
alone. 

Mortality  represents  only  part  of  the  damage  to  a  stand.  Injured 
survivors  grow  more  slowly  for  a  time.  A  light  spring  fire  may 
reduce  growth  in  basal  area  of  a  dense  stand  of  small  poles  by  27 
percent  (Burns  1948).  Barrett  (1928),  observing  this  effect  in 
Louisiana,  found  that  a  good  second-growth  stand  of  loblolly  pine 
of  saw-log  size  lost  about  200  board  feet  per  acre  in  growth  during 
the  first  3  years  following  a  severe  fire. 

Time,  place,  and  purpose  in  using  fire 

Fire  should  be  used  only  where  specific  benefits  promise  to  out- 
weigh probable  damage,  both  strongly  controlled  by  local  conditions. 
These  conditions  must  be  analyzed  before  a  prescription  to  burn  can 
make  a  fire  safe  and  useful.  In  loblolly  pine  the  need  for  protective 
burning  at  fairly  regular  intervals  is  reduced  to  the  extent  that 
irregular  silvicultural  burning  lessens  the  hazard  and  risk  of  wild- 
fire. Plans  for  protective  and  cultural  burns  should  be  integrated. 
It  is  often  possible  to  serve  two  or  more  purposes  in  a  single  series 
of  plan-wise  fires.  Possible  benefits,  vital  or  incidental  but  worthy 
of  some  consideration  in  plans,  are  as  follows  (Haig  1938)  : 
In  forest  protection — 

1.  land  clearing  and  construction  of  the  principal  roads. 

2.  preparation  of  roadside  safety  strips  and  fire  lanes. 

3.  disposal  of  slash  piles  of  infested,  infected,,  or  waste  materials. 

4.  backfiring  in  suppression  of  wildfire. 

5.  hazard  reduction  or  range  improvement  by  compartments. 
In  silviculture — 

1.  site  preparation  for  planting  or  direct  seeding. 

2.  site  preparation  for  natural  reproduction  to  expose  mineral  seed- 
beds, reduce  humus,  release  nutrients,  and  foster  favorable 
bacterial  action  in  the  soil. 

3.  cleaning  out  small  hardwoods  in  timber  stand  improvement. 

Although  the  use  of  fire  is  already  widely  accepted  in  the  Coastal 
Plain,  burning  treatments  for  forests  on  the  Piedmont  Plateau  re- 
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main  experimental.  Fire  may  find  limited  use  in  silviculture  without 
being  widely  useful  in  protection.  Larger  timber  can  benefit  from 
discreet  burning  operations,  but  on  dry  sites  it  is  neither  necessary 
nor  desirable  to  prescribe  fire  as  a  protective  measure  for  old  timber 
(Ashe  1910). 

To  time  the  burning  properly,  in  any  location,  one  must  be 
fully  cognizant  of  fire  weather,  forest  fuels,  and  variation  in  re- 
sistance by  condition  and  age  of  stands.  Where  hardwoods  are  still 
small  enough  to  be  killed  with  fire  and  there  are  less  than  300  pine 
seedlings  per  acre,  burning  can  be  done  to  advantage.  Seedling 
stands  that  are  inadequate  may  be  sacrificed:  others  must  be  fully 
protected.  Saplings,  too.  must  be  shielded  from  fire  until  they  be- 
come reasonably  resistant,  i.e..  after  the  stems  reach  3  to  6  inches, 
with  bark  0.3  to  0.4  inch  thick,  and  height  12  feet  at  age  10  or  more 
'Akerman  1926.  Patterson  and  Weddell  1943.  Rothkugel  1907).  In 
many  places  in  the  Piedmont  burning  may  have  to  be  deferred  until 
it  can  be  integrated  with  intensive  silvicultural  operations. 

The  indirect  loss  of  surface  soil  through  erosion  may  or  may 
not  be  serious  after  burning  over  clay  soils  on  hilly  lands  in  the 
Piedmont,  depending  on  the  type  of  humus.  The  removal  of  part  or 
all  of  the  unincorporated  organic  matter  (L,  F.  and  H  layers)  by 
superficially  burning  over  an  A2  horizon  has  no  visible  effect  on 
erosion.  Until  research  more  closely  defines  the  probability  of  such 
losses,  they  should  be  circumvented.  This  may  be  done  by  exclud- 
ing fire  where  (1)  there  is  active  sheet  or  gully  erosion  or  evidence 
of  former  erosion  now  arrested,  (2)  more  than  20  percent  of  the 
soil  is  loessial  and  slope  exceeds  5  percent,  (3)  soils  with  slopes  of 
over  15  percent  occupy  SO  percent  or  more  of  the  area,  and  (4)  soils 
are  organic,  as  in  pocosins. 

Obviously  fire  is  cheap,  effective,  and  safe  to  use  under  the  proper 
circumstances.  Generally  topography,  weather,  fuel  types,  and 
methods  of  management  favor  the  use  of  prescribed  fire  in  loblolly 
pine  forests  of  the  Coastal  Plain.  On  flat  terrain  the  use  of  fire  to 
benefit  loblolly  pine  forests  is  accepted  practice. 

INSECTS 

Loblolly  pine  is  attacked  by  a  large  number  of  insects  from  seed 
through  maturity  to  its  final  use  as  a  product.-6  In  the  forest,  insect 
damage  is  often  spotty  and  seldom  spectacular.  t4ras-^a^m«^a4ten- 
tton.  Periodically  certain  conditions  favor  development  of  epidemics 
and  unless  these  are  detected  in  early  stages,  they  may  reach  cata- 
26  An  annotated  list  of  insects  is  contained  in  the  appendix. 
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strophic  proportions.  In  1947  the  pine  sawfly  caused  a  growth  loss 
of  20  million  board  feet  by  its  defoliation  of  pine  (Kowal  1955b). 
Currently  bark  beetles  are  causing  an  estimated  mortality  of  about 
250  million  board  feet  of  loblolly  pine  annually  throughout  the 
South,  while  the  Ips  epidemic  and  the  critical  drought  period  of 
1956  probably  killed  more  than  50  million  feet  in  Texas  alone. 

Detection  programs,  surveys  by  aircraft,  and  organized  controls 
are  gradually  reducing  the  annual  losses.  Many  infestations  are 
now  discovered  in  their  incipiency  and  extensive  outbreaks  pre- 
vented. A  knowledge  of  the  location,  abundance,  and  aggressiveness 
of  the  pests  is  a  prime  essential.  It  is  possible  that  in  the  future, 
with  insect  surveys  and  control  methods  improved  by  research  and 
with  more  intensive  management  of  forests,  large  scale  epidemics 
will  be  greatly  reduced. 

There  is  considerable  undetermined  loss  of  loblolly  pine  reproduc- 
tion from  the  activity  of  insects,  first  in  reducing  seed  crops,  and  later 
in  damage  to  seedlings.  Red  spiders  and  tip  moths  may  injure  seed- 
lings in  nurseries.  Outplanted  pine  and  natural  reproduction  are 
killed  or  damaged  by  webworms.  sawflies.  tip  moths,  and  weevils. 
Under  certain  conditions  these  insects,  particularly  the  tip  moth, 
may  be  a  limiting  factor  in  whether  or  not  loblolly  pine  is  selected  for 
planting. 

Cuttings  that  reduce  infestations  75  percent  or  more  are  often 
highly  beneficial  in  restoring  normal  conditions  (  Hopkins  1909a  and 
1909b).  Stumps,  cull  logs,  limbs,  tops,  logging  slash,  and  debris  at- 
tract bark  beetles  and  provide  for  brood  development  of  many  species. 
Outbreaks  originating  in  slash  are  sporadic,  however,  so  that  no  special 
methods  of  slash  disposal  are  justified  Beal  and  Massey  1945  ). 
Small  localized  saw-log  cuttings  should  be  made  only  in  winter. 
Otherwise,  a  concentration  of  beetles  may  overflow,  attacking  ad- 
jacent healthy  pines.  Yearlong  cutting  in  larger  operations  for  saw 
logs  is  generally  safe  if  it  is  continuous.  With  a  sufficient  supply 
of  slash  and  cut  tops  the  beetles  will  not  infest  live  trees.  The 
summer  cutting  of  pines  for  pulpwood  is  not  hazardous.  In  these 
operations  the  relatively  small  diameter  of  unutilized  tops  causes 
them  to  dry  out  too  rapidly  to  provide  suitable  breeding  material  for 
the  bark  beetles.  Beetles  also  attack  trees  weakened  by  fire  and 
subsequently  attack  nearby  groups  of  unscorched  trees. 

Southern  pine  beetle 

This  bark  beetle,  Dendroctonus  frontalis,  can  be  widely  destruc- 
tive.   The  adults  are  reddish  brown  to  black  and  about  xs  inch  long. 
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SOUTHERN  PINE  BEETLE  IPS  BEETLE 


Figure  23. — Distinguishing  features  of  two  common  species  of  bark  beetles. 
Insect  tunnels  on  inner  bark:  A,  southern  pine  beetle,  and  B,  Ips  beetle. 
Side  view  of  hind  end  of  adult  insect:  C,  southern  pine  beetle,  and  D,  Ips 
beetle  (Bennett  1956). 

Except  for  a  slight  notch  on  the  front  of  the  head  between  the  eyes 
and  much  smaller  size,  it  resembles  the  black  turpentine  beetle. 
It  can  be  readily  distinguished  from  Ips  engraver  beetles,  whose 
posterior  end  has  a  scooped  out  appearance.  The  adult  galleries  of 
the  southern  pine  beetle  alone  are  typically  serpentine  or  S-shaped 
(fig.  23). 

Records  of  extensive  devastation  of  pine  timber  by  this  insect 
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date  back  to  the  early  part  of  the  nineteenth  century  (Hopkins 
1910).  Based  on  present-day  stumpage  values  well  over  $100,000,- 
000  worth  of  timber  has  been  killed  in  the  twentieth  century  by 
these  beetles.  An  epidemic  in  east  Texas  killed  85  million  board 
feet  in  1950-51,  and  one  in  Mississippi  deadened  30  million  board 
feet  in  1952.  Much  of  the  volume  was  harvested,  but  because  of 
blue  stain  and  degrade  only  a  third  of  the  original  stumpage  value 
could  be  salvaged  (Heller,  Coyne,  and  Bean  1955).  Infestations  are 
most  likely  to  become  epidemic  in  periods  of  drought.  Any  decline 
in  the  growth  rate  of  pines,  whether  the  result  of  drought,  age,  or 
overcrowding,  may  provide  favorable  conditions  for  a  change  from 
an  endemic  to  an  epidemic  status.  Beginning  in'  1945,  and  probably 
as  a  result  of  better  methods  of  detection,  outbreaks  have  been 
recorded  with  increasing  frequency. 

The  southern  pine  beetle  is  very  prolific  and  may  produce  from 
3  to  6  generations  a  year  in  the  southern  part  of  its  range  with  a 
possible  tenfold  increase  per  generation.  Its  life  cycle  in  hot  weather 
is  30  to  10  days,  but  the  complex  overlapping  of  generations  makes 
the  cycle  difficult  to  define.  Activity  during  the  year  is  nearly  con- 
tinuous, though  in  winter  it  is  retarded  somewhat  in  the  deep  South 
and  considerably  in  northern  sections.  After  boring  through  the 
outer  bark,  the  beetles  mate  and  the  female  excavates  tunnels  in  the 
inner  bark.  Eggs  are  laid  in  niches  along  the  sides  of  the  galleries. 
The  larvae  feed  on  inner  bark  and  mine  into  the  outer  bark  to  pupate, 
emerging  as  adults  and  completing  one  generation  in  about  40  days. 
The  adults  then  fly  to  other  pines  to  carry  on  the  life  cycle.  As  in- 
dicated in  figure  24,  the  height  zone  of  attack  is  generally  within 
that  of  the  engraver  beetle  and  above  that  of  the  black  turpentine 
beetle.  The  southern  pine  beetle  winters  in  all  stages  of  develop- 
ment in  or  beneath  the  bark. 

Beetles  may  inoculate  loblolly  pines  with  various  fungi.  There 
appears  to  be  a  close  association  between  certain  bark  beetles  and 
stain  fungi,  one  that  is  possibly  mutually  helpful  until  the  host 
tree  dies.  Such  beetles  inoculate  the  trees  they  infest  with  blue  stain 
by  spores  carried  on  their  bodies.  Species  of  Ceratocystis  have  been 
isolated  from  both  blue-stained  wood  and  from  bark  beetles.  After 
the  insects  attack  a  tree  the  stain  often  develops  rapidly,  permeating 
the  sapwood  through  the  ray  tissues  and  resin  ducts  and  growing 
from  the  galleries  toward  the  heartwood.  Consequent  disruption  of 
normal  moisture  relations  in  the  tree27  may  desiccate  it  to  a  degree 

27  From  base  to  top  the  moisture  content  increases  in  healthy  trees,  but  de- 
creases in  trees  with  blue  strain  and  bark  beetles.    The  trees  appear  unable  to 
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Figure  24. — Comparison  of  zones  of  infestation  typical  of  three  species  of  pine 
bark  beetles. 

favoring  development  of  insect  broods.  Furthermore,  it  is  possible 
that  the  fungus  may  supply  some  element  of  food  essential  to  the 
insects,  thus  providing  a  truly  symbiotic  relationship  (Craighead 
1928).  "When  moist  and  freshly  split  open,  the  stained  wood  is 
steel  blue  or  gray,  and  the  rays  and  ducts  are  black  (Rumbold  1931). 
The  blue  stain  organisms,  probably  by  interfering  with  the  conduc- 
tion of  water  through  the  wood  (Xelson  and  Beal  1929).  appear  to 
hasten  the  death  of  the  infested  trees. 

Over  large  areas  scattered  bark  beetle  infestations  are  most  effec- 
tively discovered  from  the  air  and  counter  measures  planned  from 
air  reconnaissance.  Techniques  being  developed  for  aerial  survey  of 
infestations  have  been  reported  (Heller,  Coyne,  and  Bean  1955).  In 
controlling  an  active  outbreak  3  to  5  nights  may  be  needed  during 

to  draw  water  through  the  stained  wood.  Without  uninterrupted  stain-free  pas- 
age  between  roots  and  crown,  the  pine  dies  from  lack  of  water  (Xelson  1934). 
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a  season  to  keep  up  with  the  spread  of  infestation.  High  wing 
monoplanes  accommodating  a  pilot  and  two  observers  are  recom- 
mended. Slow  flight  speeds,,  under  90  miles  per  hour,  at  3,000  to 
5,000  feet  are  used.  Infested  spots  are  plotted  directly  on  aerial 
photographs  (scale  1:20,000),  index  mosaics,  or  planimetric  maps 
(1:24,000).  By  matching  landmarks  on  the  ground  and  on  the  pic- 
tures or  maps  the  infestations  are  located.  Orange  or  amber  filters, 
worn  as  face  shields  or  goggles  by  the  observers,  accentuate  the 
patches  of  beetle-killed  timber.  The  marked  photographs  or  maps 
are  used  by  control  crews  to  find  the  dying  trees.  A  ratio  is  com- 
puted to  relate  area  or  number  of  trees  currently  infested  to  the 
area  or  number  of  trees  discolored  as  seen  from  the  air. 

Artificial  controls  are  effective,  but  must  be  properly  timed. 
Prompt  action  is  necessary  as  soon  as  discoloration  in  a  patch  of 
timber  leads  to  the  discovery  of  pitch  tubes  on  certain  trees  or  other 
definite  evidence  of  the  presence  of  southern  pine  beetles.  Within  6 
weeks  after  attack  during  the  warmer  months  the  new  broods  emerge, 
and  the  foliage  is  yellowish  to  a  bright  reddish  brown.  Do  not 
treat  trees,  except  for  salvage,  if  the  bark  shows  numerous  small 
holes,  such  as  might  be  produced  by  a  load  of  fine  shot,  indicating 
that  the  beetles  have  left.  After  a  fatal  infestation  during  the  sum- 
mer months,  about  2  weeks  elapse  before  the  foliage  fades  enough 
for  an  airplane  observer  to  spot  the  tree.  That  leaves  about  3  weeks 
for  ground  crews  to  reach  and  dispose  of  it  (Kirby  1951).  In  win- 
ter the  foliage  fades  slowly.  Trees  attacked  in  the  autumn  may  not 
fade  until  the  following  spring. 

Salvage  is  recommended  as  the  most  rapid  and  cheapest  method 
of  control.  If  logs  or  pulp  wood  from  infested  trees  cannot  be 
promptly  manufactured,  they  should  be  stored  in  water  or  chemically 
treated.  Otherwise  when  infested  logs  are  slabbed  or  peeled,  the 
bark  must  be  burned  to  destroy  the  insects. 

Infested  trees  that  are  inaccessible,  or  without  market  value  and 
cannot  be  used,  should  be  felled  without  lopping  off  the  branches 
and  the  dry  bark  of  trunk  and  limbs  to  a  2-inch  diameter  limit 
sprayed  with  benzene  hexaehloride  (BHG).  For  this  purpose  1 
gallon  of  liquid  concentrate  containing  1  pound  of  the  toxic  gamma 
isomer  of  benzene  hexaehloride  is  mixed  with  55  gallons  of  Xo.  2 
fuel  oil  (Coyne  1951,  Bennett  1956).  The  trunk  and  larger  limbs 
are  sprayed  until  the  bark  is  dripping  wet.  The  chemical  penetrates 
and  destroys  by  contact,  and  insects  that  may  escape  are  killed  by 
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the  residual  chemical  as  they  emerge  from  the  bark.  Follow-up  in- 
spections to  find  and  treat  later  attacks  are  advisable. 

Natural  controls  destroy  many  bark  beetles.  Woodpeckers  con- 
sume large  numbers  in  the  larval  stage,  but  there  are  never  enough 
of  these  birds  to  cope  with  epidemics.  Heavy  rain  rarely  destroys 
insects,  but  many  succumb  to  extremes  of  air  temperature.  An 
epidemic  of  Dendroctonus  frontalis  in  1891-92  was  apparently  checked 
absolutely  in  West  Virginia  and  Virginia  by  severely  cold  weather 
in  the  early  months  of  1893  (Blackmail  1922).  The  overwintering 
broods,  usually  larvae,  are  subject  to  a  high  degree  of  mortality  when 
exposed  to  air  temperature  below  10°F.  for  short  periods  (Beal  1933). 
Subzero  weather  is  usually  fatal  to  all  stages  except  the  eggs, 
which  can  withstand  — 5°F.  High  temperatures  may  also  help  to 
control  these  insects.  Although  standing  trees  do  not  get  hot  enough 
to  limit  them,  a  temperature  of  112°F.  in  logs  is  fatal.  Logs  in  the 
sun  reach  that  temperature  when  the  air  is  at  70°  to  80 °F.  In  a 
north  and  south  position,  three  days  in  the  sun  will  kill  most  of  the 
insects  on  the  upper  sides  of  the  logs;  the  logs  must  be  rolled  over 
to  destroy  those  on  the  underside. 

Engraver  oeetles 

These  bark  beetles  (Ips  spp.)  are  generally  distributed  through- 
out the  range  of  loblolly  pine.  They  attack  all  Southern  pines  and, 
in'  the  South  as  a  whole,  often  cause  more  damage  than  any  other 
bark  beetle.  Several  species  may  attack  loblolly  pine;  up  to  three 
different  ones  have  been  found  on  the  same  tree.  The  common  ones 
are  /.  avulsus,  I.  grandicollis,  and  /.  calligraphic .  They  are  tiny, 
blackish,  hard-shelled  insects  %  to  %  inch  long.  A  distinctive  fea- 
ture is  the  distal  end  of  their  abdomen,  which  is  concave  with  a 
terminal  border  of  toothlike  projections  (fig.  23). 

Although  most  of  the  infestations  are  secondary,  when  high  popu- 
lations develop  in  association  with  drought,  storm,  or  fire  damage 
to  timber,  Ips  may  become  primary — attacking  standing  living  pines 
as  well  as  slash  or  damaged  trees.  Sometimes  healthy  trees  are 
attacked  for  no  apparent  reason,  but  often  a  hidden  injury  is 
responsible.  Trees  injured  by  lightning  are  very  susceptible  to  en- 
graver beetles.  Stands  burned  by  severe  surface  or  crown  fires  also, 
as  a  rule,  entice  these  insects.  Ips  infestation  is  common  where  sub- 
surface fire  has  injured  the  roots  of  trees. 

Rather  prolific,  engraver  beetles  may  produce  4  to  6  broods  a 
year  in  overlapping  generations  of  30  to  68  days  each.  Each  tree 
killed  may  breed  enough  beetles  to  kill  5  more  trees  (Kowal  1955a). 
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All  stages  may  be  found  in  the  dormant  season,  but  adults  are  the 
usual  overwintering:  form.  An  Ips  attack  is  often  difficult  to  recog- 
nize in  its  early  stages,  as  boring  dust  high  in  a  tree  is  not  easily 
seen.  The  first  visible  evidence  may  be  little  piles  of  reddish-brown 
boring  dust  on  logs  and  fallen  timber.  The  dust  is  often  but  not  al- 
ways dry  and  free  from  pitch.  It  may  be  found  only  in  the  bark 
crevices  on  weakened  trees,  but  on  vigorous  trees  pitch  will  flow  from 
the  entrance  holes.  Then  in  2  or  3  weeks  the  foliage  will  fade — a  sign 
of  infestation  and  probable  death  of  the  tree — but  by  this  time  the 
beetles  have  usually  emerged. 

To  determine  if  Ips  are  present,  examine  the  inner  bark  for 
galleries  that  originate  at  a  central  enlarged  chamber,  and  extend 
more  or  less  parallel  to  the  grain  of  the  wood  (fig.  23,  B) .  The  sap- 
wood  is  to  some  extent  engraved  by  these  galleries.  In  niches  along 
the  sides  of  the  tunnels  the  eggs  are  laid.  They  soon  hatch  into 
larvae  that  feed  at  right  angles  to  the  main  passages  without  en- 
tering sapwood  or  dry  outer  bark. 

The  relation  between  engraver  beetles  and  forest  utilization 
practice  has  been  observed  by  Hetrick  (19-12).  He  reports  that  pine 
trees  injured  during  cutting  operations  are  not  generally  attacked 
by  Ips  beetles  unless  injury  is  severe.  The  insects  find  breeding 
grounds  in  pulp  wood  storage  yards,  among  newly  felled  pines,  or 
at  sawmill  sites.  Infestation  of  growing  pines  on  the  periphery  of 
concentration  yards  is  common.  In  summer  enormous  numbers  of 
Ips  beetles  may  develop  in  freshly  stored  pulpwood. 

Unless  timely  action  is  taken  beetle  outbreaks  may  multiply. 
Treating  trees  from  which  the  brood  has  already  emerged  is  futile. 
Kowal  (1955a)  recommends  these  measures:  (1)  cut  immediately 
all  presently  or  potentially  infested  trees,  including  those  badly 
damaged  by  logging,  lightning,  or  fire  if  the  inner  bark  was  killed, 
(2)  dispose  of  tops  by  burning  or  by  pulling  into  the  open  where 
they  can  be  lopped  and  scattered  for  quick  drying ;  remove  logs  and 
pulpwood  promptly,  and  (3)  spray  with  BHC  (as  recommended 
for  southern  pine  beetle)  infested  trees  and  products  not  handled  as 
indicated  above.  Apply  a  medium  fine  spray  to  point  of  runoff. 
This  treatment,  by  killing  beetles  already  in  the  logs  and  those  at- 
tempting to  bore  in  during  the  next  three  months.,  retards  the  degrade 
of  lumber. 

Turpentine  beetles 

The  black  turpentine  beetle,  Dendroctonus  terebrans,  considered 
relatively  harmless  until  recent  years,  has  become  a  serious  enemy 
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of  southern  pines.  It  occurs  throughout  the  range  of  loblolly  pine 
and  excessive  damage  has  been  reported  in  Georgia.  1946-47 ;  Louisi- 
ana. 1950-51 :  southwest  Mississippi.  1953-56 ;  and  east  Texas  in  1956 
where  it  had  previously,  1950-53.  killed  an  estimated  8  million 
board  feet  of  loblolly  pine  timber.  Infestation  has  been  rather  con- 
stant during  the  recent  drought  years.28 

Adults  of  the  black  turpentine  beetle  resemble  those  of  the  south- 
ern pine  beetle  in  shape,  but  are  about  twice  as  large.  They  vary 
in  length  from  Y5  to  1:j  of  an  inch.  They  are  hard-shelled,  nearly 
cylindrical,  reddish  brown  to  black  beetles.  The  larvae,  creamy- 
white  legless  grubs,  attain  a  maximum  length  of  %  inch. 

Turpentine  beetle  activity  usually  centers  in  areas  where  some 
disturbance  has  occurred,  and  the  trees  begin  to  die  within  a  year. 
The  first  and  most  obvious  signs  of  attack  are  masses  of  pitch  on 
stumps  and  on  the  trunks  of  trees  usually  at  points  less  than  6  feet 
and  seldom  above  12  feet  from  the  ground  (fig.  24).  If  the  resin 
is  free  from  red  boring  dust,  the  beetles  may  have  been  ' 'pitched 
out'"  by  the  tree.  The  insects  prefer  weakened  trees  of  pole  size  or 
larger,  seldom  molesting  saplings  less  than  3  inches  in  diameter. 
When  large  populations  develop  pines  which  appear  to  be  healthy 
may  be  attacked.  With  a  mild  winter  the  insects  may  work  through- 
out the  year,  but  they  are  most  active  from  early  spring  to  late 
autumn. 

The  life  cycle  requires  3  to  4  months.  The  beetles  bore  directly 
through  the  outer  to  the  inner  bark  of  the  lower  trunk  and  roots. 
The  female  deposits  70  to  200  or  more  eggs  in  broad  irregular  galleries 
which  may  exceed  20  inches  in  length.  These  hatch  in  10  to  14 
days  and  the  larvae  feed  gregariously  on  the  inner  bark  despoiling 
a  few  square  inches  to  several  square  feet.  After  that.,  they  form 
cells  at  the  ends  of  the  galleries  and  transform  into  pupae  that  in 
another  10  to  14  days  become  adults.  Secondary  injuries — other  bark 
beetles,  stain,  and  decay — often  follow  and  develop  rapidly.  Some 
lightly  infested  trees  may  recover  and  heal  their  wounds ;  on  others 
the  foliage  first  turns  yellow  green,  then  reddish  brown  as  the  tree 
dies  fLee  and  Smith  1955).  Burning  over  the  forest  floor  does  not 
kill  insects  in  the  trunk  or  roots. 

Damage  from  turpentine  beetles  can  often  be  forestalled  by  some 
modification  of  customary  woods  practice.  This  involves  prevent- 
ing injury  to  valuable  trees.,  avoiding  bruising  or  debarking  trees 
while  skidding,  and  promptly  salvaging  dead  and  dying  trees.  A 

28  Another  species,  Dendroctonus  valens,  the  reel  turpentine  beetle,  occa- 
sionally kills  pine  trees  in  the  northern  part  of  the  loblolly  pine  range. 
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secondary  attack  by  ambrosia  beetles  is  usually  an  indication  that 
the  tree  is  beyond  recovery.  All  trees  with  ambrosia  dust  around  the 
base  should  be  cut.  milled,  and  the  slabs  burned  before  the  new 
broods  emerge. 

The  prevalence  of  light  attacks,  a  life  history  extendine  over 
several  months,  and  the  relative  inactivity  of  the  insects,  make  the 
turpentine  beetles  easier  to  control  than  other  bark  beetles  Smith 
1955).  Turpentine  beetles  seldom  completely  kill  a  stand:  rather, 
each  generation  tends  to  attack  about  the  same  number  of  trees  per 
acre.  Without  control,  half  the  trees  may  be  killed  in  3  years. 
Attack  is  more  severe  in  dry  periods,  particularly  on  flat,  normally 
moist  sites. 

The  essentials  of  recommended  insecticidal  control  are  (1)  mark 
infested  trees  and  break  off  pitch  tubes  to  expose  the  entrance  holes, 
improve  chemical  penetration,  and  permit  detection  of  renewed  at- 
tack: (2)  without  cutting  deeply  into  firm  bark,  remove  loose  scales 
and  debris  from  base  of  trees;  (3)  prepare  BHC  spray  solution  by 
adding  1  pound  of  gamma  isomer  of  BHC  to  14  gallons  of  No.  2 
fuel  oil:  (4)  spray  the  lower  10  feet  of  trunk  during  dry  weather 
to  the  point  of  runoff.  Wetting  «the  ground  at  the  base  of  a  tree  may 
reach  broods  in  the  larger  roots.  At  the  rate  of  1  gallon  to  45  square 
feet  of  bark  surface.  2  gallons  should  cover  twenty  lS-ineh  stumps 
or  the  basal  10  feet  on  3  trees.  This  should  kill  the  beetles  and 
prevent  further  attacks  for  3  to  7  months.  The  insecticide  has  a 
residual  action  that  helps  to  prevent  subsequent  attacks.  Valuable 
seed  trees  should  be  watched,  however,  from  April  through  July  and 
treated  whenever  insect  activity  is  in  evidence  f'Kowal  and  Coyne 
1951:  Smith  1954b  . 

Tip  moths 

The  Nantucket  pine  tip  moth.  Rhyacionia  frustrana.  occurs 
throughout  the  range  of  loblolly  pine.  Though  it  seldom  kills  pines 
and  rarely  prevents  regeneration,  it  often  injures  open-grown  nat- 
ural reproduction  and  may  temporarily  retard  plantation  height 
growth.  Many  repeatedly  infested  seedlings  become  so  bushy  and 
saplings  so  deformed  as  to  produce  nearly  worthless  trees.  Succes- 
sive attacks  may  reduce  height  growth  by  half  a  foot  annually 
(Wenger  1958)  and  may  add  5  years  to  the  rotation  age  of  afflicted 
stands  <  Beal  1952).  The  work  of  tip  moths  may  be  discovered  first 
by  excessive  resin  on  the  pine  buds  and  later  by  the  dead  twigs. 
Fortunately,  the  most  susceptible  height  range  is  narrow:  seedlings 
from  3  to  10  feet  are  most  severely  attacked ;  above  10  feet  thev 
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Figure  25. — Life  eyle  of  the  Nantucket  pine  tip  moth:  A.  First  flight  in  Feb- 
ruary or  March ;  B,  eggs  on  foliage  hatch  into  larvae  that  tunnel  in  buds 
and  twigs;  C.  pupae  form  within  dead  twigs;  and  D.  emerge  as  moths  in 
about  2  weeks  (Bennett  1956). 

are  seldom  affected.  Accordingly,  on  poor  sitp^  where  the  seedling 
stage  is  normally  longer,  the  infestations  are  the  more  serious.  In- 
festations also  tend  to  be  more  severe  where  spacing  is  wide,  but 
on  good  sites  rapid  growth  aids  the  pines  in  quick  recovery  and  in 
getting  above  the  susceptible  size  class. 

The  adults  are  delicate  tan-colored  moths  with  forewings  spread- 
ing about  half  an  inch  and  faintly  marked  with  copper-colored 
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bands  and  spots.  Eggs  laid  at  intervals  of  5  to  6  weeks  on  the  suc- 
culent new  growth  hatch  in  about  2  weeks.  The  larvae  soon  spin 
silken  webs  in  the  axils  of  needles  near  the  terminal  buds  and  feed 
on  tender  cortical  tissue  until  about  3  mm.  long,  then  burrow  into 
buds  and  twigs.  When  about  7  mm.  long  they  enter  the  pith  of  a 
tender  terminal  and  feed  up  into  the  bud.  Pupation  occurs  in  buds 
and  twigs  hollowed  out  and  often  killed  back  6  to  12  inches  (fig. 
25).  A  second  brood  may  appear  as  early  as  the  second  week  in 
June  or  as  late  as  early  August.  Observations  indicate  the  number 
of  generations  per  season  as  follows:  3  in  Virginia,  the  Oarolinas, 
and  Tennessee;  and  4  in  Florida  and  Louisiana  (Underhill  1943; 
Mortimer  1941;  Wakeley  1928,  1935a).  Typical  of  the  long-  gulf 
coast  season  are  the  observations  of  four  broods  there  following  adult 
flights  in  February-March,  May,  July,  and  August-September.  In 
most  of  its  range  the  exact  number  of  broods  is  difficult  to  estimate 
because  of  the  great  overlapping  of  generations  by  midsummer. 

Some  23  species  of  parasites  representing  11  families  have  been 
reared  from  tip  moths.  Though  parasitism  may  exceed  50  percent, 
it  remains  of  minor  importance  (Underhill  1943). 

AYhere  other  natural  controls  are  weak  and  several  generations 
a  season  the  rule,  as  in  the  Deep  South,  certain  precautions  may  be 
advisable  in  starting  plantations.  It  is  advantageous  to  avoid  both 
heavily  infested  and  poor-quality  sites,  and  to  plant  stock  selected 
for  its  superior  growth  capacity  or  stock  treated  against  these  in- 
sects. To  avoid  introduction  in  new  areas  and  to  provide  temporary 
protection  for  seedlings  planted,  mass  sterilization  of  nursery  stock 
is  relatively  easy.  Seedlings  may  be  dipped  in  1  percent  white  oil 
emulsion  or  in  a  DDT  suspension  containing  1  pound  of  50-percent 
wettable  powder  to  50  gallons  of  water  to  kill  the  eggs  or  young 
larvae.  Pupae,  as  well  as  larvae,  can  be  killed  by  fumigation  with 
5  ounces  of  sodium  cyanide  per  1,000  cubic  feet  for  1  hour.  These 
treatments  are  not  recommended,  however,  for  plantations  where  the 
tip  moths  are  already  established. 

Control  under  forest  conditions  is  usually  impractical  as  it  would 
require  several  spraying  operations  per  season.  On  small  or  isolated 
areas  the  prompt  destruction  of  infested  buds  and  twigs  by  prun- 
ing may  help  (Bennett  1955a).  A  spray  of  1  percent  water  emulsion 
of  DDT,  if  very  complete  on  foliage  and  buds,  can  kill  many  larvae. 
Treatment  against  the  first  generation  of  exposed  larvae— soon  after 
the  eggs  hatch — is  most  effective  because  the  whole  brood  is  then  in 
its  larval  stage.  Later  control  is  difficult  because  pupae  are  in  buds 
and  twigs  where  they  cannot  be  reached  by  insecticide. 
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Tip  moths  do  most  damage  in  open  spots.  Under  shelterwood  or 
selection  methods  of  silviculture,  the  incidence  of  tip  moth  attack 
is  less  than  it  is  under  clear-cutting  systems  or  in  plantations.  This 
is  fortunate  because  recovery  from  such  attack  is  less  rapid  among 
seedlings  that  grow  slowly  because  of  shelter,  crowding,  drought,  or 
other  causes.  Hence,  in  spite  of  the  advantage  of  having  rapid 
growth  in  pine,  it  may  be  best  to  refrain  from  liberation  or  release 
cuttings  until  the  sapling  stage  is  reached.  In  one  instance  near 
Oxford,  Miss.,  a  second-year  tip  moth  infestation  affected  28  percent 
of  unrel eased  seedlings  and  82  percent  of  those  released  (Hueken- 
pahler  1953b). 

RJiyarionia  rigidana  and  B.  buoliana,  the  European  pine  shoot 
moth,  are  similar  and  both  occasionally  infest  loblolly  pine  in  the 
Southeast.  The  adults  are  more  conspicuously  marked  with  brown- 
ish-red spots  and  silver-gray  stripes.  By  injuring  flower  buds  tip 
moths  may  cause  serious  damage  to  pine  seed  orchards.  The  larvae 
of  other  insects  reported  to  damage  the  terminal  shoots  of  loblolly 
pine  include  Dioryctria  amatella,  one  of  the  cone  moths. 

Pales  weevil 

Another  pest  that  attacks  young  seedlings  of  loblolly  pine  is  a 
nearly  black  snout  beetle,  Hylobius  pales,  that  breeds  in  pine  stumps 
and  roots.  It  resembles  the  cotton  boll  weevil  in  shape  and  size.  An 
insect  of  similar  appearance,  Paehylobius  picivorus,  attacks  pine 
seedlings  in  the  same  manner  as  pales.  Many  of  the  seedlings  up  to  4 
or  5  feet  in  height,  which  adults  of  both  species  attack  by  feeding  on 
stems  and  branches,  are  not  seriously  damaged,  but  seedlings  less 
than  2  years  old  or  24  inches  high  may  be  killed.  This  happens  in 
the  vicinity  of  freshly  cut  pine  stumps,  dying  pines,  logging  or 
building  operations,  or  piles  of  green  lumber  (fig.  26). 

The  pales  beetle  is  a  robust  weevil  up  to  %  inch  long  emerging 
first  from  hibernation  in  the  litter  just  before  the  time  of  service- 
berry  flowering;  others  appearing  6  weeks  later  as  the  overwintering 
larvae  develop  (Beal  and  McClintick  1943).  Most  of  the  damage 
occurs  from  March  to  July  but  sometimes  there  is  damage  again  in 
the  autumn  (Speers  1955).  Apparently  attracted  by  the  odor  of 
pitch,  the  weevils  concentrate  on  areas  where  pines  have  been  re- 
cently removed.  New  adults  emerge  at  various  times  from  May  to 
October,  depending  on  time  of  cutting.  In  one  instance  mortality 
of  seedlings  was  55  percent  on  a  recently  cut  area  as  against  only 
1  percent  where  no  pines  had  been  cut  (Ferguson  and  Duke  1954). 
The  weevils  start  to  feed  on  tender  bark  of  the  seedlings  and  most 
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Figure  26. — Pales  weevil:  A,  Adult  insect  enlarged;  B,  breeding  place  beneath 
the  bark  of  root  of  stump  showing  tunnel  where  larva  makes  its  cocoon 
and  transforms  into  adult;  C,  weevils,  attracted  by  fresh  cut  or  burned 
stumps,  girdle  and  kill  adjacent  seedlings    (Bennett  1956). 


of  the  damage  is  in  patches  within  a  few  inches  of  the  ground.  In 
the  soil  they  strip  the  roots  to  a  depth  of  4  or  5  inches.  Bark  dam- 
age, though  irregular,  is  usually  severe  enough  to  kill  seedlings  in 
first-year  plantations  on  areas  without  natural  reproduction  (Sentell 
1949).  This  damage  may  be  largely  avoided  by  waiting  one  full 
growing  season  before  planting  pine  cut-over  areas.  Where  im- 
mediate planting  is  necessary,  an  insecticidal  top  dip    (a  BHC 
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suspension)  for  pine  seedlings  is  recommended  on  areas  from  which 
the  pine  has  recently  been  cut  (Ferguson  and  Thatcher  1956,  Speers 
1956). 

Understory  advance  reproduction  is  most  vulnerable  to  these  in- 
sects where  the  overwood  of  pine  has  been  recently  depleted  by 
cutting,  fire,  wind,  or  bark  beetles.  On  such  areas  natural  repro- 
duction has  sometimes  been  killed  completely,  but  in  most  instances 
in  well-managed  forests  not  enough  seedlings  die  to  warrant  artificial 
measures  of  control. 

Saw  flies 

In  recent  years  the  sawflies,  through  their  severe  defoliation  of 
all  ages  of  pines,  have  assumed  economic  importance  as  forest  insect 
pests.  The  insects  derive  their  name  from  the  fact  that  female  saw- 
flies  have  sawlike  appendages  which  they  use  to  create  slits  in  needles 
for  their  egg  deposition.  Actual  defoliation  is  done  by  the  larval 
stage  of  the  sawflies.  There  are  about  10  important  or  potentially 
important  species  of  pine  sawflies  in  the  South,  most  of  which  seem 
to  include  loblolly  pine  among  their  preferred  hosts.  Some  of  the 
most  common  are  Xeodiprion  taeda  linearis,  X.  pratti  pratti,  X. 
hetricki,  X.  exitans,  and  X.  lecontei.  The  latter,  though  most  com- 
monly observed,  is  presently  one  of  the  least  important. 

Adult  female  sawflies  somewhat  resemble  honeybees  in  shape  and 
size.  The  life  cycle,  which  varies  with  the  species,  is  generally  as 
follows :  Females  lay  eggs  in  single  rows  within  slits  in  pine  needles. 
The  eggs  hatch  into  hairless,  slender  worms,  sometimes  referred  to  as 
false  caterpillars.  These  gradually  take  on  the  markings  of  the 
species  and  mature  in  about  6  weeks  when  they  are  %  to  %  inch 
long.  It  appears  that  most  southern  species  have  a  striped  color 
pattern,  although  Xeodiprion  lecontei  is  cream  colored  with  a  black 
spot  pattern.  Larvae  of  most  species  display  the  group  feeding  be- 
havior habit,  clustering  in  large  numbers  on  needles  at  ends  of  twigs. 
At  maturity  the  larvae  leave  the  crown  and  pupate  under  bark  scales 
or  most  often  in  the  soil ;  they  spin  the  characteristic  capsule-shaped, 
chestnut-colored  cocoons.  After  several  months  the  pupae  change 
into  adults  which  emerge  from  the  cocoons  and  renew  the  life  cycle. 

The  effect  of  feeding  on  trees  varies  with  the  time  of  defoliation, 
its  severity,  and  the  vigor  of  the  trees.  Spring  defoliation  of  1-year 
needles,  though  severe,  causes  growth  loss  but  no  mortality.  Late 
summer  or  autumn  defoliation  may,  if  severe,  cause  outright  mor- 
tality or  render  trees  susceptible  to  attack  by  bark  beetles.  Shaded 
seedlings,  not  well  rooted,  succumb  easily.    Open-grown  seedlings 
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survive  well  unless  heavily  defoliated.  At  one  place  the  loss  of  75 
percent  of  foliage  meant  losing  84  percent  of  the  seedlings  (Beal 
1942). 

The  larger  trees  usually  recover  without  loss  of  twigs  and  often 
regain  a  full  complement  of  needles  by  August.  Growth  losses  may 
in  some  instances  be  significant.  There  appears  to  be  a  linear  rela- 
tion between  the  number  of  trees  infested  and  the  severity  of 
defoliation  on  the  individual  trees.  Less  than  50  percent  defoliation 
may  not  influence  growth  noticeably,  but  50  to  100  percent  causes 
increasingly  greater  current  retardation.  Summerwcod  production 
is  reduced  (Hetrick  1941).  Trees  75  percent  defoliated  in  1947  were 
retarded  in  volume  growth  51  percent  the  first  year  and  29  percent 
the  second  'Reynolds  1949a). 

Nature  assists  in  the  control  of  sawflies.  though  usually  in  large 
epidemics  the  natural  control  comes  too  late  to  prevent  damage. 
Many  species  of  insect  parasites  have  been  reared  from  cocoons. 
Virus  diseases  sometimes  control  outbreaks.  These  are  being  studied 
for  possible  use  in  the  biological  control  of  insects.  Rodents  as- 
sist in  control  by  consuming  sawfly  cocoons  in  the  soil. 

Silvicultural  measures  appear  to  be  effective  in  control  of  some 
sawfly  species.  For  example  in  outbreaks  of  Xeodi prion  lecontei. 
fewer  open-grown  seedlings  are  attacked  and  a  smaller  percentage  of 
the  infested  ones  die:  therefore,  release  from  shade  is  favored  where 
not  enough  natural  reproduction  is  free  to  grow  'Beal  1942  ).  For 
similar  reasons,  in  artificial  regeneration,  underplanting  should  be 
avoided  and  pines  should  not  be  set  within  25  feet  of  hardwood  bor- 
ders unless  the  hardwoods  can  be  removed  or  girdled  promptly 
I  Benjamin  1955  . 

Chemical  control  is  readily  accomplished  by  using  either  ground 
or  aerial  equipment  to  dispense  insecticides.  For  use  with  hand 
equipment  1-percent  DDT  emulsions  are  recommended  For  aerial 
applications,  oil  solutions  containing  1  pound  of  DDT  per  gallon 
per  acre  has  been  satisfactory  in  control  operations  conducted  in 
Arkansas  and  Louisiana    Kowal  1953  I . 

Other  defoliators 

The  Texas  leaf -cutting  ant.  Atta  texana,  found  in  Texas  and 
Louisiana  prefers  deep  sandy  soil.  Although  little  damage  is  ordi- 
narily done  to  pines  when  other  green  plants  are  available,  in  winter 
these  ants  may  completely  destroy  very  young  seedlings  and  defoliate 
larger  ones  within  300  or  400  feet  of  their  colonies.  These  ••towns" 
have  conspicuous  funnel-shaped  mounds  on  the  surface  and  a  maze 
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of  underground  tunnels.  The  larger  workers  cut  and  drop  large 
sections  of  needles ;  the  smaller  ants  dissect  and  store  them.  The 
leaf  fragments  are  not  consumed ;  they  are  material  for  a  subter- 
ranean garden  in  which  the  ants  cultivate  certain  fungi  for  food 
(Walter.  Seaton.  and  Matthewson  1938). 

In  areas  where  the  ant  population  is  high  it  is  impossible  to 
establish  pine  seedlings  by  planting  or  natural  means  unless  the  ants 
have  previously  been  destroyed.  Satisfactory  control  is  possible 
with  methyl  bromide  to  destroy  the  towns  (  Bennett  19.55b.  Johnston 
1944).  Chlordane  or  dieldrin  may  be  used  to  destroy  small  isolated 
colonies  and  in  mopup  operations.  Methyl  bromide  is  a  heavy  gas  ap- 
plied through  a  tube  with  a  valve.  One-fourth  pound  is  suggested 
for  towns  up  to  about  15  feet  in  diameter,  and  one  pound  or  more 
for  large  colonies.  Results  are  best  on  warm  winter  days  when  the 
soil  is  moist. 

A  beetle.  Colaspis  pini  Barber,  found  along  the  gulf  coast,  chews 
the  margins  of  needles,  leaving  a  saw-tooth  edge  and  causing  them 
to  turn  partly  or  completely  brown.  Small  trees  acquire  a  fire- 
scorched  appearance,  but  feeding  stops  in  midsummer  and  the 
saplings  are  green  again  by  autumn.  Young  pines  can  be  success- 
fully sprayed  with  lead  arsenate,  but  the  cost  is  not  considered 
justifiable,  as  the  effect  of  the  colaspis  beetle  is  believed  to  be  normally 
slight. 

A  pine  needle  miner.  Exoteleia  pinifolieUa,  is  a  moth  the  larvae 
of  which  may  mine  the  internal  needle  tissues  of  loblolly  pine, 
browning  the  foliage  on  extensive  areas.  Effects  are  not  serious  and 
no  control  is  suggested. 

The  pine  webworm.  T  etraloplia  robustella,  defoliator  of  seedlings, 
especially  where  they  are  shaded,  likewise  does  not  require  control 
measures  except  in  rare  instances,  nor  do  seA'eral  species  of  aphids 
sometimes  found  feeding  on  the  pines. 

Cone  insects 

Two  species  of  moths.  Dioryctria  ennatella  and  Laspeyresia  toreuta, 
commonly  feed  on  loblolly  pine  cones.  The  first  is  the  more  de- 
structive, destroying  seeds  in  the  entire  cone.  The  second  destroys 
only  a  few  seeds  per  cone.  The  full-grown  larvae  of  Dioryctria  are 
greenish  brown  or  dull  black,  about  an  inch  long,  and  the  pupae  % 
inch  long.  In  1916  infestation  of  11  to  78  percent  of  the  cones  on 
4  tracts  resulted  in  the  loss  of  9  to  42  percent  of  the  seeds  (Pomeroy 
1950a).  Smaller  and  drier  than  the  healthy  cones,  the  infested  cones 
commonly  fail  to  open.     After  destroying  the  interior,  the  larva 
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emerges  through  a  %-inch  hole.  Infestation  tends  to  be  worse  in 
the  older  stands  and  on  the  better  sites,  perhaps  because  there  the 
insects  find  a  more  continuous  supply  of  cones  for  annual  feeding 
(Knight  1951).  Nothing  is  yet  known  of  the  possibility  for  control. 

White  grubs 

The  larvae  of  May  or  June  beetles.  Phyllophaga  spp.,  may  severely 
injure  and  kill  pines  planted  on  old-field  sites  by  consuming  root 
tissue.  Eggs  are  laid  1  to  8  inches  deep  in  soil  in  early  summer. 
Three  weeks  later  %-ineh  grubs  hatch  to  live  on  organic  matter  and 
roots.  Some  feed  until  autumn,  then  pupate  and  emerge  in  the 
spring.  Others  spend  the  second  winter  as  grubs,  pupate  in  summer, 
overwinter  as  adults,  and  emerge  in  summer  of  the  third  year. 

With  most  of  the  activity  underground  these  infestations  are  not 
readily  apparent,  but  in  time  the  seedlings  become  unthrifty  and  can 
be  extracted  from  the  soil  with  a  gentle  pull.  The  period  of  heaviest 
damage  is  usually  mid-August  to  late  October.  Planting  is  not 
recommended  on  sites  having  more  than  one  grub  to  each  2  square 
feet. 

Control  measures  are  practical  in  forest  nurseries29  and  are  being 
studied  for  use  in  outplanting  pine.  Nursery  stock  can  be  dipped 
in  various  organic  insecticides.  A  device  for  spot  distribution  of 
insecticide  on  roots  and  the  adjacent  soil  can  be  attached  to  a  shoe- 
type  planting  machine  (Shenefelt,  Liebig,  and  Dosen  1955). 

Wood-clam  agin g  insects 

Insects  damaging  products  of  loblolly  pine  are  numerous  but 
detailed  discussion  of  the  subject  is  not  attempted  because  of  the 
many  variables  involved.  In  any  case,  loblolly  pine  wood  is  highly 
susceptible  to  attack  by  termites,  pine  powder-post  beetles,  carpenter 
ants,  and  other  insects.  Control  through  preventive  measures  is 
most  effective ;  the  application  of.  remedial  measure  is  often  difficult 
and  expensive. 

Logs,  veneer  bolts  and  pulpwood  when  stored  before  milling  are 
susceptible  to  severe  attack  by  ambrosia  beetles,  bark  beetles,  and 
wood  borers.  Studies  (Johnston  1952)  have  shown  that  benzene 
hexachloride  properly  applied  to  green  logs  is  highly  effective  in 
preventing  insect  attack.  A  concentration  of  1%  pounds  of  the 
gamma  isomer  of  this  insecticide  per  50  gallons  of  Xo.  2  fuel  oil  is 
recommended  for  pine  logs  when  maximum  protection  from  attack 

29  Discussed  in  the  section  on  diseases  and  insects  in  Chapter  5,  Artificial 
Eegeneration. 
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by  all  insects  is  desired  for  about  1  months.  A  spray  of  only  half 
this  concentration  will  protect  pine  logs  and  poles  from  bark  beetles 
and  wood  borers  but  not  ambrosia  beetles.  One  gallon  will  wet  100 
square  feet  of  bark  surface.  Four  to  six  gallons  of  solution  are  needed 
per  cord  of  pulpwood.  In  treating  decked  logs  the  spray  must  be 
directed  from  both  ends  into  the  spaces  between  them. 

Several  insects  that  enter  injured  trees  or  those  weakened  by 
other  agents  contribute  only  in  a  minor  way  to  mortality,  but  con- 
tinue to  degrade  or  destroy  the  value  of  raw  wood  products. 

Heavy  damage  to  recently  killed  or  harvested  pine  not  promptly 
removed  from  the  forest  in  summer  is  done  by  both  the  roundheaded 
and  flatheaded  borers.  Among  them  is  a  longhorned  beetle,  the 
southern  pine  sawyer  Monochamus  titUldtor.  The  adults  are  mottled 
brown  and  gray.  %  to  114  inches  long.  In  the  male  the  antennae 
may  be  2  or  3  times  as  long  as  the  beetle.  The  females  deposit  6  to 
12  eggs  in  each  of  their  circular  incisions  beneath  the  outer  bark. 
Activity  continues  except  during  the  coldest  3  or  4  months,  resulting 
in  overlapping  broods  and  at  least  2  generations  annually.  The  dam- 
age is  done  by  the  larvae  before  they  emerge  through  pencil-sized  holes 
(Beal  1952.  Webb  1911).  The  sculptured  pine  borer.  Chalcophora 
virginiensis.  is  a  flatheaded  borer.  Its  work  is  similar.  Two  or  more 
years  are  needed  to  complete  its  life  cycle.  Logs  sawed  into  lumber 
within  a  month  after  harvesting  usually  escape  damage. 

Logs  not  milled  within  2  weeks  may  be  damaged  by  several  species 
of  Ambrosia  beetles.  They  make  tiny  holes  that  extend  deep  into 
the  sapwood  and  sometimes  the  heartwood.  They  inoculate  their 
galleries  with  ambrosial  fungus  which  is  used  for  food.  This  ac- 
tivity causes  a  dark  stain  of  the  wood.  Methods  of  chemical  con- 
trol of  these  insects  in  logs  are  given  in  the  sections  on  engraver 
and  southern  pine  beetles. 

Lumber  having  less  than  50  percent  moisture  is  not  in  danger  of 
attack.  Green  lumber  may  be  protected,  however,  by  dipping  or 
spraying  entire  stacks  with  emulsions  of  less  than  half  the  con- 
centration of  benzene  hexachloride  used  for  logs.  Water  suspensions 
of  this  chemical  will  protect  lumber  and  they  may  be  combined  with 
the  commonly  used  sapstain  preventives  such  as  2-percent  sodium 
pentachlorophenate  (Kowal  1919). 

ANIMALS 

Animals  large  or  small,  and  domestic  or  wild,  often  damage,  but 
seldom  prevent,  the  regeneration  of  loblolly  pine. 
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More  study  of  the  inroads  of  various  seed  predators  is  needed. 
Seed-eating  birds  and  rodents  abound  in  many  forest  areas.  Espe- 
cially on  eutover  lands  where  pine  reproduction  is  desired,  the  seed 
eaters  sometimes  increase  tenfold  in  a  year.  They  cause  serious 
depredations  of  seed  supplies,  often  taking  nearly  all  of  the  crop  in 
light  and  moderate  seed  years.  As  the  seeds  develop  into  seedlings, 
most  of  the  birds  and  some  of  the  rodents  cease  to  feed  upon  them. 

The  larger  animals  that  may  damage  loblolly  pine  seedlings  in- 
clude deer.  hogs,  cattle,  horses,  sheep,  and  goats.  Where  the  range 
is  unburned  and  lightly  stocked,  with  either  animals  or  with  small 
seedlings,  the  damage  to  pines  from  livestock  may  be  negligible. 
The  extent  of  the  injury  to  loblolly  pine  seedlings  is  related  to  the 
distribution  and  range  habits  of  these  animals  in  grazing  or  brows- 
ing available  forage  and  compacting  the  soil  by  trampling.  Where 
concentration  of  livestock  is  avoided,  the  trampling  damage  by  ani- 
mals is  usually  slight,  and  may  be  wholly  offset  by  some  reduction 
in  fire  hazard.  Deer  populations,  however,  are  subject  to  periodic 
alarming  natural  increases  that,  in  spite  of  the  legal  take  by  hunters, 
can  preclude  satisfactory  reproduction  of  loblolly  pine. 

Deer 

In  recent  years  deer  have  been  numerous  enough  in  two  southern 
counties  of  Arkansas  and  adjacent  Louisiana  to  damage  1- to  4- 
year-old  pine  plantations  and  natural  reproduction  on  several 
50.000-  to  100.000-aere  tracts.  The  serious  browsing  damage  is 
mainly  confined  to  late  winter  or  early  spring.  It  occurs  on  over- 
stocked range,  but  apparently  is  not  related  to  scarcity  of  the  better 
forage  plants.  Some  seedlings  are  pulled  up.  but  most  of  them  are 
nipped  off.  Many  of  the  mutilated  ones  acquire  new  leaders  and 
branches,  but  some  remain  forked  or  otherwise  deformed.  The 
foliage  of  fertilized  nursery  stock  recently  planted  in  the  forest 
seems  to  be  more  attractive  to  deer  than  that  of  natural  reproduc- 
tion, and  this  may  be  a  serious  problem  even  where  the  deer 
population  is  not  excessively  heavy. 

Hogs 

Among  the  southern  pines,  hogs  prefer  young  starchy  bark  of 
longleaf  pine ;  slash  pine  is  their  second  choice,  and  loblolly  pine  is 
the  species  least  often  molested.  They  kill  seedlings  by  stripping 
bark  from  around  the  main  stem  above  and  below  the  surface  of 
the  ground.  A  loblolly  pine  seedling  3  feet  high  has  only  about  25 
grams  of  root  bark,  which  is  less  than  for  slash  pine  and  only  a 
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third  as  much  as  for  a  longleaf  pine  seedling  one  foot  high.  This 
may  be  why  hogs  usually  discriminate  between  species  of  pine. 
Nevertheless,  in  La  Salle  Parish,  Louisiana,  a  loblolly  pine  planta- 
tion made  in  the  spring  of  1952  was  damaged  4  years  later  when 
the  trees  were  4  feet  tall.  Between  March  and  July  the  hogs  made 
girdles  about  6  inches  wide  killing  472  loblolly  pines  per  acre  and 
damaging  90  more.  In  5  months  the  plantation  was  reduced  from 
747  to  195  trees  (Peevy  and  Mann  1952).  In  a  mixed-species  planta- 
tion the  hogs  killed  52  percent  of  the  slash  pine  and  4  percent  of 
the  loblolly  pine.  Protective  measures  using  chemical  repellents 
and  electric  fences  failed.  Feral  hogs  are  the  chief  offenders ;  hogs 
that  are  well  fed  show  little  interest  in  loblolly  pine. 

Other  domestic  stock 

Cattle  and  horses  do  less  harm  than  sheep  and  goats,  but  in  farm 
woodlands  grazing  by  cattle  may  be  a  serious  problem.  Cattle 
seldom  graze  on  pines  if  other  green  forage  is  available,  but  some 
incidental  browsing  and  trampling  damage  can  be  expected  in  the 
first  years  after  seeding  or  planting  where  cattle  are  not  excluded. 
Plantations  should  not  be  grazed  until  well  established.  Once  the 
seedlings  are  a  foot  or  two  high,  cattle  can  be  admitted  in  limited 
numbers  where  there  is  grass  enough  to  keep  them  from  browsing  on 
the  pines  (J.  E.  Davis  1950a  and  1950b).  Brinkman  and  Swarthout 
(1942),  studying  reproduction  of  pine  in  Alabama,  found  that 
grazing  by  cattle  apparently  had  an  adverse  effect  on  the  survival 
and  growth  of  the  seedlings.  The  form  and  vigor  of  young  trees 
was  often  poor  because  of  mechanical  injuries  by  the  cattle. 

Studies  in  central  Louisiana  (Cassady,  Hopkins,  and  Whitaker 
1955)  have  pointed  out  when  and  where  to  expect  cattle  damage. 
Heavy  loss  may  occur  where  cattle  concentrate  and  oi7ergraze.  Such 
places  are  watering  and  feeding  grounds  and  situations  in  which 
forage  is  greener  and  fresher  than  in  the  surroundings.  Hence  any 
treatment  that  removes  old  grass  and  stimulates  new  growth  is 
attractive.  Burning,  disking,  scalping,  and  hardwood  control  often 
have  this  effect.  In  one  instance  2-year-old  loblolly  pines  were  10 
inches  tall  on  the  grazed  part  and  17  inches  tall  on  the  nongrazed 
part  of  an  area  where  the  hardwoods  were  controlled.  Where  the 
hardwoods  were  not  treated  the  seedlings  were  22  inches  tall  on  the 
grazed  and  28  inches  on  the  ungrazed  parts.  Fortunately,  loblolly 
pine  usually  recovers  readily  from  early  retardation.  When  palata- 
ble forage  is  limited,  as  on  the  native  ranges  in  the  late  winter  or 
early  spring,  browsing  damage  by  cattle  is  more  likely. 
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Less  damage  results  as  the  seedlings  grow  taller.  Trampling  is 
most  injurious  for  seedlings  less  than  2  feet  high  and  rubbing  injury 
from  2  to  6  feet ;  those  6  to  8  feet  tall  are  seldom  injured.  Grazing 
among  trees  of  susceptible  size  should  be  regulated.  In  Louisiana 
it  should  not  start  before  May  1  and  not  more  than  half  the  green 
forage  should  be  cropped  during  the  whole  season.  Range-carrying 
capacity  for  cattle  indicates  1  acre  per  month  per  head  on  open 
unimproved  range.  More  acreage  is  needed  where  the  forest  cover 
reduces  the  growth  of  grass. 

Sheep,  and  especially  goats,  are  inherently  more  destructive  than 
deer  or  cattle  because  of  close  cropping  and  indiscriminate  browsing. 
This  kills  many  loblolly  pines  during  the  first  year  or  two  after 
planting.  The  animals  nip  the  terminal  buds  from  many  of  the  sur- 
viving  seedlings,  retarding  their  height  growth.  Repetition  in 
succeeding  years  deforms  the  trees.  Both  sheep  and  goats  should  be 
excluded  until  the  buds  and  most  of  the  foliage  are  out  of  reach.  As 
the  majority  of  these  animals  graze  only  within  enclosed  pastures 
in  the  South,  range  control  without  fencing  will  suffice  in  most  in- 
stances (Stanley  1954). 

Rabbits,  gophers,  and  squirrels 

Rabbits  cause  frequent  light  and  occasional  severe  injury  to 
loblolly  pine  seedlings.  Wakeley  (1954a)  discussing  plantation 
care  describes  the  activity  of  rabbits  as  follows : 

"They  bite  off  the  side  branches,  buds,  upper  tops,  or  entire 
seedlings,  usually  the  winter  they  are  planted,  sometimes  the 
winter  following.  They  bite  them  off  cleanly,  usually  at  an 
angle  of  about  45  degrees,  in  contrast  to  the  irregular  cut  or 
break  made  by  cattle,  sheep,  or  goats.  They  seldom  injure  the 
needles,  and,  unlike  hogs,  rats,  and  some  insects,  do  not  strip 
or  chafe  the  bark.  Often,  though  not  always,  they  leave  the 
side  branch  or  top  uneaten  beside  the  cut  stub/  They  are 
much  more  likely  to  injure  small  seedlings  than  large  ones. 

"The  seriousness  of  rabbit  damage  depends  more  on  the  mor- 
tality percent  of  the  injured  trees  than  on  the  percentage 
bitten.  Recovery  from  injury  during  the  second  winter  is  usu- 
ally good.  Where  the  rabbits  bite  off  the  tops  1  to  4  inches 
above  the  ground  during  the  first  winter  or  bite  only  buds  or 
side  branches,  recovery  frequently  is  good.  If  the' seedlings 
are  large  and  of  high  quality,  the  site  is  moist,  and  the  weather 
after  planting  is  favorable,  survival  may  be  good  even  when 
seedlings  are  bitten  off  within  one-fourth  inch  of  the  ground, 
but  there  may  be  10  to  30  percent  loss  of  height  growth  during 
the  next  5  years,  and  some  forking  of  main  stems  at  the 
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ground.  On  dry  sites  and  in  dry  years,  or  with  small  plant- 
ing' stock,  biting  off  60  to  100  percent  of  the  seedlings  during 
the  first  winter  has  caused  enough  mortality  to  ruin  planta- 
tions. ..." 

If  there  are  signs  of  a  heavy  population  of  rabbits  at  planting 
sites,  and  if  planting  of  large  nursery  stock  cannot  be  deferred  until 
late  in  February,  the  rabbits  should  be  intensively  hunted  or  the 
seedlings  sprayed  or  dipped  in  repellent  before  planting  (Mann  and 
Derr  1954a.  Stanley  1954). 

For  chemical  repellent  a  mixture  of  asphalt  emulsion  and  copper 
carbonate  is  effective  though  somewhat  phytotoxic.  It  is  prepared 
by  mixing  3  pounds  of  asphalt  emulsion  with  2  quarts  of  water: 
then  add  2  pounds  of  copper  carbonate  and  mix  well:  dilute  the 
mixture  with  8  more  quarts  of  water.  It  should  be  applied  at  the 
rate  of  about  2  pints  per  1.000  trees.  When  lifted  stock  is  being 
treated,  the  roots  should  be  shielded  from  the  chemical. 

The  eastern  pocket  gopher.  Geomys  breviceps  Baircl.  also  causes 
frequent  light  and  occasional  heavy  damage  in  the  Coastal  Plain. 
In  east  Texas  they  have  sometimes  killed  from  3  to  20  percent  of 
the  planted  trees  over  thousands  of  acres  (Wakeley  1954a).  These 
subterranean  pests  measure  about  7  inches  with  tails  31  -2  inches  long. 
Eyes  and  ears  are  small,  claws  are  stout,  food  pouches  open  on  the 
sides  of  their  faces. 

Along  their  harrows  they  place  soil  on  the  surface  in  circular 
mounds  a  foot  or  more  across.  Roots  encountered  in  tunneling  are 
maimed  or  destroyed.  Dying  seedlings,  easily  pulled  up.  have 
truncated  roots.  Sometimes  a  whole  seedling  is  pulled  underground 
and  devoured. 

Control  should  start  a  year  in  advance  of  planting  and  never 
later  than  the  first  winter  after  the  presence  of  gophers  is  apparent. 
The  damage  is  best  countered  at  nurseries  and  on  planting  sites 
during  the  season  of  active  burrowing  between  November  and  the 
middle  of  May.  The  system  of  burrows  is  elaborate  with  main  and 
secondary  tunnels,  and  separate  storage  and  sleeping  chambers. 
Some  preliminary  ground  probing  by  control  crews  to  discover  the 
local  pattern  of  tunnels  can  increase  the  effectiveness  of  their  work 
with  traps  or  poison. 

Squirrels  commonly  consume  all  immature  cones  found  on  certain 
trees  in  off  years.  Damage,  however,  has  not  been  extensive  enough 
to  require  control  measures. 
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DISEASES 

Loblolly  pines  are  relatively  free  from  disease  in  their  native 
habitat,  but  some  reduction  of  disease  is  needed  for  a  full  measure 
of  success  in  forestry.298  Where  they  are  reproduced  naturally,  pines 
often  are  less  subject  to  disease  than  in  plantations.  Xo  amount  of 
silviculture  can  save  stands  planted  in  an  unsuitable  environment. 
For  both  living-  trees  and  their  wood  products,  site  is  a  factor  that 
may  predispose  them  to  disease  or  decay.  Hence,  site  deserves  con- 
sideration not  only  in  locating  plantations,  but  also  in  utilizing  wood 
properly  where  it  is  exposed  to  fluctuations  in  moisture. 

Because,  on  the  whole,  the  value  of  individual  forest-grown  lob- 
lolly pines  is  less  than  that  of  orchard  or  shade  trees,  foresters  are 
necessarily  limited  in  the  use  of  horticultural  methods  of  controlling 
tree  diseases.  Except  in  forest  nurseries  and  sometimes  in  planta- 
tions it  is  seldom  economical  to  resort  to  spraying,  dusting,  cultiva- 
tion, or  rotation  of  crops  to  reduce  disease.  Proper  sanitation  in 
forests  depends  largely  on  judicious  cutting  to  remove  injured  and 
diseased  pines  while  controlling  the  density  and  species  composition 
of  stands.  Heart  rots  seldom  damage  second-growth  pine  seriously. 
In  the  long  run  silvicultnral  care  steps  up  the  thrift  of  a  forest  partly 
through  elimination  of  the  more  susceptible  trees  and  partly  by 
progressive  destruction  of  sources  of  infection. 

Cronartium  rusts 

The  southern  pines  are  host  to  two  species  of  stem  cankering 
fungi  with  alternate  stages  on  the  oaks.  These  rusts  spread  from 
pine  to  oak.  oak  to  oak.  and  oak  to  pine,  but  never  from  pine  to  pine. 
Cronartium  cerebrum,  producing  spherical  galls  on  loblolly  pine, 
does  little  damage  and  is  less  prevalent  than  the  fusiform  rust.  C. 
tiis: forme.  Fusiform  rust  destroys  young  trees  after  it  enters  the 
main  stems.  It  kills  large  numbers  of  seedlings  and  disfigures  and 
weakens  the  trunks  of  trees.  According  to  Wenger  (1950)  working 
in  coastal  South  Carolina,  trees  with  47  percent  of  the  circumference 
cankered  will  last  for  5  years  and  those  with  40  percent  cankered 
are  a  good  10-year  risk.  Pines  nearly  girdled  by  cankers  may  be 
broken  down  by  wind  (  fig.  27  I  but  very  few  cankered  trees  need 
to  be  cut  in  pole-size  stands  for  fear  of  mechanical  breakage 
(Klawitter  1957). 

The  fusiform  rust  has  been  studied  intensively  by  Siggers  (1955) 
who  reports  on  its  life-  history  as  follows : 

29a  An  annotated  list  of  fungus  diseases  is  contained  in  the  appendix. 
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Figure  27. — Loblolly  pine  stems  infected  with  Cronartium  fusiforme  are  "weak- 
ened in  direct  proportion  to  the  extent  of  circumference  cankered  ( Vvenger 
1950). 

"The  fusiform  rust  lives  from  year  to  year  in  the  living  bark 
of  pines ;  on  oaks  it  develops  annually  on  the  lower  side  of  young 
leaves.  The  disease  is  not  transmitted  directly  from  pine  to  pine, 
but  must  first  pass  through  a  period  of  development  on  the  oaks, 
chiefly  species  of  the  pointed-leaf  or  black  oak  group. 

' *  The  cycle  of  infection  usually  starts  in  March  with  the  pro- 
duction of  powder-like  yellowish  spores  on  pine  cankers  and  wind 
dissemination  of  this  inoculum  to  oak  leaves.  About  10  days  after 
infection,  minute  yellowish  spots  appear  on  the  lower  leaf  surfaces. 
In  these  spots  spores  of  a  different  type  are  produced;  these  can 
infect  other  oaks,  but  not  pines.  This  is  the  repeating  stage  of  the 
rust  and  it  serves  to  increase  the  amount  of  inoculum  on  the  oaks. 

"A  few  days  after  the  repeating  stage  first  appears  numerous 
brownish  hairlike  structures,  called  telia.  begin  to  develop  around 
the  margins  of  the  older  yellowish  spots.  ...  In  due  course  teliospore 
germination  is  followed  by  the  formation  of  sporidia.  the  spores 
that  can  infect  pine.  The  round  of  infection  from  pine  to  oak,  oak 
to  oak,  and  oak  to  pine  occurs  only  in  the  spring,  extending  usually 
from  about  the  middle  of  March  to  the  middle  of  June." 
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This  disease  infects  pine  saplings  through  their  succulent  new 
shoots.  When  these  are  delayed,  as  they  tend  to  be  where  the  pines 
are  reproduced  under  the  shelterwood  system,  there  is  less  damage 
from  fusiform  rust.  Anything-  that  causes  an  early  break  in  dor- 
mancy seems  to  increase  the  incidence  of  the  rust.  Large  variation 
in  amount  of  infection  occurs  in  different  seasons  in  the  same  lo- 
cality. Relatively  early  development  of  oak  foliage  and  early 
seasonal  activity  of  fusiform  rust  go  hand  in  hand.  A  minimum  of 
18  hours  of  sustained  high  atmospheric  humidity  with  temperatures 
between  60°  and  80°  F.  are  needed  for  abundant  pine  infection. 

Infection  stimulates  the  cambium  tissue  of  a  pine  to  grow  2  or 
3  times  as  rapidly  as  normal.  The  resulting  woody  swelling  is  typi- 
cally spindle  shaped.  These  cankers,  more  virulent  or  vigorous  than 
on  overtopped  branches,  unfortunately  grow  faster  toward  the  trunk 
than  away  from  it.  Vigorous  growth  itself,  however,  unless  it  starts 
prematurely  in  the  spring,  does  not  predispose  pines  to  infection.  A 
slow-growing  strain  of  loblolly  pine  from  Georgia  suffered  more  at 
Bogalusa,  La.,  than  did  the'  vigorous  local  strain. 

Loblolly  pine  appears  to  be  more  susceptible  to  infection  than 
slash  pine,  but  a  higher  percentage  of  loblolly  pine  infections  are 
limited  to  branches.  Once  infected,  slash  pine  is  more  sensitive  to 
invasion  of  the  living  bark  by  the  fungus  and  hence  is  more  easily 
killed.30  The  alternate  hosts  (Querent  spp.)  differ  in  susceptibility 
to  infection.  As  a  group  the  black  oaks  are  more  susceptible 
than  the  white  oaks.  According  to  Siggers  (1955)  the  3  most  sus- 
ceptible in  nature  are  water  oak  (  Q.  nigra  l,  willow  oak  (Q.  phellos), 
and  laurel  oak  (  Q  laurif  alien.  Other  oaks  in  descending  order  of 
susceptibility  are  bluejack  (  Q.  ineana  ),  blackjack  (Q.  marilandica) , 
southern  red  (Q.  falcata),  turkey  (Q.  laevis),  and  live  oak  (Q. 
virginiana).  An  understory  of  these  alternate  hosts  always  favors 
the  rust  on  pine,  but  the  presence  of  a  pine  overstory  has  not  been 
shown  to  influence  the  disease  (Hebh  1948).  Most  diseased  pines 
become  infected  during  their  first  10  years  of  age.  Although  later 
infections  are  fairly  common  and  may  be  destructive  at  times,  the 
stands  that  escape  with  light  early  infection  generally  reach  harvest 
age  without  serious  damage.  Cankered  bolts  are  usually  acceptable 
at  pulp  mills.  It  is  characteristic  of  loblolly  pine  that  many  of  the 
older  trees  with  severely  cankered  trunks  may  continue  to  live  many 
years. 

30  The  lower  percentage  of  rust  infection  on  loblolly  than  on  slash  pine  in 
nurseries  is  probably  due  to  delay  in  seed  germination  of  loblolly  pine.  The 
percentage  of  cankered  seedlings  is  lower  in  late  sowings  (Sleeth  19-43). 
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The  effects  of  fire  can  retard  or  favor  this  disease,  depending  on 
local  conditions.  Fires  that  kill  low  cankered  branches  in  sapling 
stands  reduce  the  number  of  diseased  trees.  However,  a  greater 
number  of  new  infections  may  occur  where  fire  has  been  used,  if 
the  burning  induces  an  early  break  in  winter  dormancy  of  the  trees. 
In  that  case,  relatively  large  amounts  of  new  shoot  growth  may  be 
formed  in  early  spring  when  weather  conditions  favorable  to  spore 
germination  and  pine  infection  prevail.  Both  fertilization  and  culti- 
vation of  pine  also  has  the  effect  of  stimulating  early  shoot  growth 
and  thus  increasing  the  amount  of  rust. 

In  young  stands  the  amount  of  damage  depends  on  the  prevalence 
of  trunk  cankers,  as  the  expanding  branch  cankers  that  never  reach 
the  stem  have  little  effect  on  growth.  In  dense  natural  stands  the  early 
formation  of  a  canopy  causes  the  lower  branches  and  branch  cankers 
to  die  before  they  reach  the  main  stem.  There  is  a  tendency  for 
infection  to  be  worse  in  open  stands  ( Goggans  1957).  For  this 
reason  extra  close  spacing  or  the  use  of  a  resistant  strain  may  be 
preferable  for  plantations  in  areas  where  the  intensity  of  infection 
is  high.  The  number  of  infections  per  tree  decreases  with  age.  An 
oak-free  isolation  band  extending  1.500  feet  from  the  pines  is  not 
effective  ( Sleeth  1943 ) .  However,  a  common  procedure  is  to  space 
the  trees  widely  and  prune  cankered  branches  manually  where  they 
occur  within  15  inches  of  the  stem.  It  is  unnecessary  to  burn  the 
pruned  branches. 

When  nursery  seedlings  are  lifted  for  planting  those  with  cankers 
should  be  culled:31  cankered  trees  will  almost  invariably  die  if  out- 
planted.  For  the  first  5  years  after  planting,  and  wherever  25  to  30 
percent  infection  is  found  on  branches,  dormant  season  pruning  of 
diseased  branches  is  desirable  as  a  means  of  reducing  later  losses. 
Those  trees  which  can  attain  merchantable  size  at  the  first  scheduled 
thinning  should  be  saved.  When  the  main  stem  is  not  cankered 
during  the  second  5  years  after  planting,  most  pine  saplings  survive. 
In  pole-size  stands  the  first  cutting  may  be  confined  to  usable  trees 
likely  to  die  before  the  next  thinning.  Although  it  would  be  well 
to  eliminate  all  stem  infection  before  final  harvest,  those  with  half 
their  girth  healthy  are  often  good  risks  for  several  years. 

Lindgren  (1948),  working  in  the  Deep  South,  suggests  estimating 
the  odds  in  favor  of  deferred  salvage  on  the  basis  of  five  disease- 
condition  classes  as  follows :  (1)  over  18  inches  between  canker  and 
trunk — no  problem  :  (2)  less  than  IS  inches  clearance — salvage  with- 

31  Nursery  spraying  for  rust  control  is  discussed  in  chapter  5,  Artificial 
Begeneration. 
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in  8  years;  (3)  less  than  half  the  trunk  girdled — better  than  50 
percent  chance  of  survival  for  8  years;  (4)  over  half  girdled  but  no 
sunken  area  or  bend  at  the  canker — an  even  chance  for  at  least  5 
years;  (5)  same  plus  the  bend  or  sunken  area — an  even  chance  for 
less  than  5  years. 

Boot  diseases 

A  condition  known  as  "spot  die-out"  affects  both  planted  and 
natural  stands  of  loblolly  pine  in  the  Carolinas,  Alabama,  and  Missis- 
sippi. It  is  largely  in  plantations  over  10  years  of  age.  Most  of  the 
spots  are  less  than  one-half  acre  in  extent,  but  in  the  aggregate  a  large 
area  is  affected.  The  damage  is  closely  associated  with  sheet  erosion 
on  soils  of  fine  texture  with  poorly  drained  subsoils  on  gently  slop- 
ing land.  The  water  infiltration  rates  on  diseased  spots  are  only 
half  of  those  on  surrounding  areas  where  trees  remain  healthy. 
Tests  showing  reduced  oxidation  in  "die-out"  areas  indicate  poor 
soil  aeration  as  the  primary  cause.  Usually,  but  not  always,  the 
trees  die  before  they  reach  pulpwood  size. 

Nematodes  of  the  genus  Xiphinema  and  a  group  of  genera  reported 
loosely  as  "tylenchs"  are  believed  to  be  parasites  on  loblolly  pine  seed- 
lings. The  genera  Helioeotylenchus  and  Tylenchorhynchus  partic- 
ularly are  suspect.  They  may  not  only  attack  roots  directly,  but  also 
open  the  way  to  infection  by  fungus  parasites.  Control  by  fumiga- 
tion of  the  soil  is  effective  in  nurseries. 

On  fine-textured  soils  in  certain  areas  the  roots  of  loblolly  pine 
become  black  and  decay  as  the  tree  dies.  In  this  manner  plantations 
have  suffered  from  an  unidentified  black  root  rot  in  Tennessee  and 
the  Carolinas.  In  some  sections  of  Oklahoma  and  Texas  many 
shelterbelt  species  have  become  infected  with  a  "cotton  root  rot" 
caused  by  Phymatotrichum  omnivorum  that  has  killed  about  1  per- 
cent of  the  loblolly  pine.32 

Widespread,  but  not  abundant,  causes  of  root  and  butt  rot  in 
older  forest-grown  loblolly  pine  are  Polyporus  schweinitzii  and 
Fomes  annosus.  Fomes  annosus  has  been  found  causing  root  rot  on 
several  species  of  southern  pine  trees  that  have  been  uprooted.  This 
rot  is  expected  to  become  more  important  in  pine  plantations  that 
are  thinned,  but  there  is  no  reason  to  belive  it  will  become  a  major 
problem  with  loblolly  pine.  Fomes  annosus  on  loblolly  pine  in  the 
Duke  Forest  has  been  serious  only  in  stands  well  beyond  a  reasonably 
economical  rotation.    The  fungus  builds  up  and  fruits  on  stumps 

32  The  decay  of  seedling  roots  from  damping-off  or  other  causes  is  discussed 
as  a  part  of  nursery  practice  in  chapter  5,  Artificial  Regeneration, 
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and  roots  of  felled  trees.  Eventually  it  enters  the  roots  of  living 
trees  where  they  are  in  contact  with  the  decaying  roots.  Once  this 
happens  there  is  no  economic  means  of  control  other  than  the  harvest 
of  obviously  diseased  trees.  In  south  Africa  where  loblolly  pine  has 
been  introduced,  a  rot  apparently  caused  by  Stereum  sanguinolentum 
(A.  &  S.)  originates  in  the  root  system  and  spreads  into  the  stems 
of  the  trees.  Although  damage  so  far  has  not  been  serious  in  planta- 
tions, foresters  are  concerned  because  thrifty  trees  are  attacked  for 
no  apparent  reason  (Liickoff  1955). 

Littleleaf  disease 

Loblolly  pine  is  more  resistant  to  littleleaf  disease  than  short- 
leaf  pine,  its  principal  host.  Loblolly  pine  usually  becomes  affected 
to  a  considerable  degree  only  where  shortleaf  pine  is  severely  dis- 
eased. Dominant  and  codominant  trees  are  the  more  susceptible. 
Where  diseased  shortleaf  pines  suffered  a  5-year  mortality  of  34  to  83 
percent,  the  associated  loblolly  pines  showed  occasional  symptoms  and 
3  percent  died  in  5  years.  Although  some  individual  trees  may  de- 
cline from  healthy  to  severely  diseased  in  a  single  year,  most  of  them 
succumb  only  after  3  to  15  years  of  progressive  weakening,  and 
stands  break  up  between  30  and  50  years  of  age  (Hepting  1944  and 
1949;  Roth.  Buchanan,  and  Hepting  1948).  With  this  disease  the 
average  time  until  death  is  7  years  from  the  earliest  discernible  evi- 
dence. 6  years  from  typical  symptoms,  and  3  years  from  advanced 
symptoms  (Campbell  and  Copeland  1954).  The  first  evidence  is 
usually  a  slight  yellowing  of  the  foliage.  The  yellowing  becomes  more 
pronounced  as  the  disease  progresses,  especially  in  winter,  and  there 
is  marked  deficiency  of  nitrogen  and  calcium  in  the  foliage  (Roth, 
Buchanan,  and  Hepting  1948).  Xeedle  length  and  shoot  growth  de- 
crease, and  in  the  final  stages  diseased  trees  are  conspicuous  be- 
cause of  the  short,  scant,  and  chlorotic  foliage  confined  to  the  ends 
of  the  branches.  Affected  trees  may  improve  temporarily,  but  are 
not  known  to  recover  naturally. 

A  major  pathogen  playing  an  important  role  in  the  littleleaf 
disease  is  Phytophthora  cinnamomi  Rands,  a  fungus  widely  prev- 
alent in  pine  soils  of  the  Southeast,  even  in  places  remote  from  any 
recognized  littleleaf  disease  (Campbell  1951).  The  incidence  of  this 
disease,  however,  is  closely  related  to  certain  physical  deficiencies  in 
the  soil.  Although  an  Alabama  suiwey  (Boggess,  Swarthout,  and 
Toole  1941)  revealed  littleleaf  occurring  on  30  different  soil  series, 
the  percentage  clearly  increased  as  thp  internal  drainage  became 
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poorer.  The  disease  is  aggravated  by  root  damage  from  soil  factors 
such  as  poor  aeration,  low  fertility,  and  periodic  moisture  stress. 

Control  measures  devised  so  far  are  purely  silvicultural — dis- 
criminating against  the  more  susceptible  shortleaf  pine.  In  partial 
cutting  operations  on  littleleaf  areas  where  the  two  species  are  inter- 
mixed, as  much  loblolly  pine  as  possible  should  be  left  in  the  residual 
stand,  because  this  species  is  only  about  one-third  as  susceptible  as 
shortleaf  pine  (Hepting  1949).  Salvage  cutting  should  be  frequent 
and  rotations  not  over  50  years  (Hepting  1944). 

Needle  Mights 

Numerous  native  fungi  cause  the  so-called  needle  blights,  casts, 
or  rusts.  They  occur  in  the  South  in  epidemic  form  at  irregular 
intervals  and  in  years  of  abundant  moisture  (Boyce  1958).  Darker 
(1932)  has  reported  on  48  species,  of  which  23  affect  the  pines. 
Within  the  range  of  loblolly  pine  most  of  these  fortunately  seem  to 
be  only  mildly  parasitic.  Hence  no  artificial  controls  have  been  de- 
veloped. Natural  control  is  afforded  by  climatic  and  biotic  factors. 
For  example,  a  large  number  of  saprophytic  fungi  are  known  to 
follow  these  infections  and  prevent  the  primary  fungus  from  fruit- 
ing.   Darker  lists  15  fungi  active  in  checking  needle  cast. 

The  characteristic  symptom  is  a  browning  of  the  needles  over 
all  or  part  of  the  crown.  The  discoloration,  most  conspicuous  in  fall, 
winter,  and  sometimes  in  spring  gives  the  impression  that  the  trees 
are  dying.  Sometimes  growth  is  slightly  retarded,  but  often  it  is 
not  significantly  reduced.  These  diseases  are  seldom  fatal.  Foliage 
is  thinned  by  the  premature  shedding  of  the  brown  needles.  One 
of  the  organisms  associated  with  these  troubles  is  Lopliodermium 
pinastri.  This  fungus  is  probably  not  pathogenic  to  pines  in  the 
southeast,  but  it  readily  invades  needles  attacked  or  weakened  by 
other  causes  (Boyce  1951).  Needle  blight  produced  by  Hypoderma 
lethale  Dearn.  may  be  widespread  in  early  spring  from  North  Caro- 
lina to  Texas.  The  infected  trees  develop  a  scorched  appearance 
that  lasts  until  new  needles  are  formed  and  the  infected  needles  are 
largely  shed  (Boyce  1953  and  1954a).  Artificial  control  is  not 
necessary. 

There  are  several  true  needle  rusts,  sometimes  abundant  but 
seldom  damaging,  caused  by  species  of  Coleosporium,  that  produce 
similar  symptoms  on  loblolly  pine.  In  summer  and  autumn  the 
sources  of  infection  for  pines  are  the  herbaceous  alternate  hosts.  C. 
solidaginis  has  an  alternate  stage  on  goldenrod  and  aster,  w7hile  C. 
vernoniae  infects  ironweed   (Hepting  1952).    The  main  symptom 
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is  yellow  to  orange-colored  pustules  one  to  several  millimeters  in 
length  on  the  needles  in  the  spring.  Usually  the  fungus  does  not 
extensively  invade  the  host  tissue.  Only  small  areas  of  needles  be- 
come yellow — apparently  the  result  of  invasion  rather  than  of  any 
toxic  effect  from  the  parasite  (Weber  1943).  Xeedles  of  blighted 
pines  die  back  from  their  tips  varying  distances,  and  some  of  them 
are  shed  prematurely.  Usually  there  is  a  sharp  line  separating  the 
dead  tip  from  the  green  base  of  a  needle  infected  by  a  fungus. 
Seedlings  are  often  more  heavily  diseased  than  saplings.  Some 
seedlings  up  to  2  feet  tall  have  been  killed  in  Florida  by  this  disease, 
but  the  damage  is  usually  minor  and  no  control  is  attempted. 

The  brown-spot  fungus  Scirrhia  acicola,  so  damaging  to  grass- 
stage  longleaf  pine,  is  not  usually  serious  on  loblolly  pine,  but 
recently  (1949-51  I  it  appeared  to  blight  even  large  loblolly  pines 
until  some  stands  looked  as  if  damaged  by  fire.  It  caused  extensive 
dieback  of  foliage  on  trees  of  pole  size  and  larger,  and  browned  the 
needles  on  sapling  trees  in  fall  and  winter.  Growth  may  be  retarded 
but.  except  among  very  young  seedlings,  no  mortality  is  expected 
from  this  disease  (Boyce  1952b). 

Certain  foliar  abnormalities  affect  loblolly  pine  outside  its  nat- 
ural range  and  have  been  attributed  to  malnutrition.  For  example, 
in  Australian  plantations  loblolly  pine  tops  the  list  of  species  sub- 
ject to  fused  needle  disease  ascribed  to  deficiency  in  phosphorus  and 
organic  matter  in  the  soil.  Affected  trees  did  not  make  healthy 
growth  until  phosphatic  fertilizers  were  added.  The  limiting  amount 
of  total  phosphate  was  estimated  to  be  close  to  195  parts  per  million 
(Young  1940). 

Diseased  twigs 

One  fungus  that  attacks  loblolly  pine  twigs  and  the  smaller 
branches  is  Atropellis  tingens.  Small  black  irregularly  cup-shaped 
fruiting  bodies  are  generally  associated  with  the  cankers.  The  dis- 
eased twigs  and  branches  usually  die.  The  wood  under  Atropellis 
cankers  is  always  deeply  stained  a  bluish  black:  thus  a  knife  cut 
through  a  canker  serves  to  identify  this  disease.  It  is  fairly  com- 
mon, but  not  severe  enough  to  do  much  damage  I  Hepting  1912. 
Hepting  and  Lindgren  1950). 

Another  disease  caused  by  Diplodda  pinea,  is  capable  of  causing 
dieback  of  the  current  season's  shoot  growth  year  after  year  until 
the  tree  is  stunted  or  dead.  It  usually  starts  low  and  spreads  grad- 
ually upward  killing  needles  and  twigs.  It  is  not  known  to  cause 
any  extensive  injury  in  forest  plantations    AVaterman  1913). 
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Heart  rot 

Heartwood  in  the  butt  section  may  be  decayed  by  Polyporus 
schtveinitzii  from  infection  entering  through  the  roots  (p.  127). 

True  heart-rotting  fungi,  such  as  Fomes  pini  enter  most  readily 
through  exposed  heartwood  in  dead  branch  stubs  and  only  occa- 
sionally through  fire  scars.  The  fungus  fruiting  bodies,  or  conks, 
usually  protrude  at  these  or  other  points  where  the  wood  is  exposed. 
When  the  fungus  has  been  working  in  a  tree  for  some  years,  the 
conks  may  appear  in  large  numbers  under  dead  branches  or  some- 
times singly  on  the  trunk.  Other  common  diagnostic  characteristics 
are  exudation  of  resin  at  the  branch  scars  and  punky  knots  disclosed 
upon  cutting  into  branch  scars  (Hepting  1934). 

The  conks  are  brownish  black,  rough  on  the  upper  surface,  and 
sepia  brown  below.  They  vary  widely  in  shape;  some  lie  flat  on 
a  branch,  others  protrude  as  a  shelf.  Often  the  pores  on  the  under- 
side are  not  perfectly  round.  Although  conks  and  punk  knots  result 
from  infection,  their  absence  does  not  indicate  freedom  from  disease. 

A  representative  sample  of  867  loblolly  pines  in  an  old-growth 
stand  in  the  middle  Atlantic  Coastal  Plain  (Nelson  1931)  showed  11 
percent  of  the  trees  had  heart  rot,    It  increased  with  age  as  follows: 

Trees  with  heart  rot 


Age  class  (years)  (percent) 

40-90   *5.4 

91-140   18.6 

141-190   60.0 

191-230    72.2 


1  One  group  of  loblolly  pines  that  had  grown  very  slowly  contained  nearly  10  times  as  many  trees  with  heart  rot 
as  indicated. 

Pines  less  than  75  years  old  are  usually  relatively  sound,  but 
slow  growth  due  to  suppression  or  other  causes  makes  them  more 
susceptible  (Gruschow  and  Trousdell  1958).  On  poor  sites  where 
the  heartwood  content  is  high,  loblolly  pines  may  acquire  heart  rot 
while  they  are  still  young  and  small. 

Practical  control  is  wholljT  silvicultural.  Trees  with  open  fire 
scars  and  those  with  conks  should  not  be  selected  and  retained  as 
crop  trees.  Diseased  individuals  should  be  harvested,  felled,  or 
girdled  to  prevent  them  from  spreading  spores  to  other  trees.  All 
conks  within  reach  on  trees  felled  or  deadened  should  be  knocked  off 
to  reduce  further  the  source  of  infection  (Hepting  1934,  Hepting 
and  Roth  1950).  The  relatively  short  rotations  of  60  or  80  years 
throughout  the  South  will  avoid  most  of  the  loss  from  heart  rot 
(Roth  1949). 
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Stain  and  decay  in  wood  products33 

At  least  7  fungi  cause  major  stain  damage  to  southern  yellow 
pine  logs  and  lumber  (Verrall  1939).  Stain  fungi  are  not  known 
to  discriminate  between  pine  species.  They  do  not  significantly 
weaken  wood  except  possibly  to  cause  a  decrease  in  toughness  (Chap- 
man and  Scheffer  1940  ).  Ceratocystis  pUifera  works  on  loblolly  pine 
wood  when  the  moisture  content  is  above  24  percent  of  oven-dry 
weight  (Colley  and  Rumbold  1930). 

The  fungi  do  not  infect  through  the  bark,  but  may  be  carried  into 
the  wood  by  insects.  Blue  stain  inoculum  has  been  obtained  from 
southern  pine  beetles  taken  from  newly  made  tunnels  devoid  of 
stain  (Nelson  and  Beal  1929).  Effective  and  cheap  fungicides  are 
available,  but,  unless  an  insecticide  is  added,  they  do  not  repel  bark 
and  ambrosia  beetles  that  penetrate  the  logs  and  inoculate  the 
wood  inside  its  exterior  chemically  protected  shell  (Yerrall  1945). 
In  a  test  in  September  1934  at  Summerville.  S.  C,  36  percent  of  the 
untreated  loblolly  pine  sapwood  became  blue  stained  in  the  first  iy2 
months  after  felling  and  stacking  in  pens  (Hepting  1945b).  It  is 
best  to  keep  as  small  a  supply  of  wood  in  the  mill  yards  as  possible, 
replacing  it  currently  with  fresh  wood. 

Damage  from  stain  is  most  rapid  in  logs  cut  between  June  and 
October  when  insects  spread  the  infection  and  when  warm  weather 
promotes  fungous  growth.  Winter  in  the  Gulf  States  does  not  arrest 
stain  completely;  some  loss  is  likely  if  storage  is  longer  than  3  or  4 
months.  Some  blue  stain  on  pulpwood,  particularly  at  the  ends  of 
the  bolts,  is  to  be  expected  in  the  South  because  utilization  cannot 
always  be  prompt  enough  to  avoid  it.  In  procuring  pulpwood  some 
15  or  25  percent  of  stained  wood  may  be  permissible  but  it  neces- 
sitates more  bleach  in  making  white  paper. 

For  best  protection  in  warm  weather,  chemical  treatment  should 
be  applied  the  day  the  logs  are  cut  or  at  the  latest  the  following  day. 
This  can  be  done  with  an  ordinary  garden  sprayer  of  the  sustained 
pressure  type.  Various  useful  formulations,  from  the  same  type  of 
chemical  mixtures  used  for  dip  treating  lumber,  are  reported  by 
Verrall  and  Scheffer  (1949).  The  increasing  prevalence  of  bulk 
handling  and  package  piling  has  also  made  the  use  of  chemicals 
more  necessary  to  prevent  stain. 

Damage  from  rot,  caused  by  different  fungi,  may  be  simultaneous 
with  stain  as  decay  fungi  work  under  comparable  conditions.  After 
studying  64  different  decay  fungi,  Humphrey  and  Siggers  (1933) 

33  See  also  the  sections  on  "Defects  and  Grades"  and  "Seasoning  and  Pres- 
ervation" in  chapter  10,  Properties  and  Uses. 
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estimated  the  optimum  temperatures  under  which  they  grow  to  vary 
usually  between  90°  and  100CF.  and  not  to  go  over  llo'F.  The  most 
prevalent  fungus  in  the  decay  of  round  products  is  Pheniophora 
gigantea,  followed  after  4  to  6  months  of  storage  by  PoJ/yporus 
abietinus.  and  after  6  months  by  Lenziies  saepiaria  (Lindgren  1951). 
Of  these  three  fungi,  the  first  attacks  both  cellulose  and  lignin ;  the 
last  one  destroys  mainly  cellulose.  Within  about  2  months  of  sum- 
mer and  5  to  6  months  of  fall  and  winter  storage  in  the  deep  South 
pine  wood  may  deteriorate  enough  to  reduce  the  pulp  yield  by  3  to 
5  percent.  Within  such  periods  rough  bolts  may  lose  less  than  peeled 
ones,  though  there  is  a  progressive  advantage  for  peeled  wood  when 
the  storage  period  is  longer.  Although  peeled  wood  will  keep  better 
if  stored  as  small  or  split  bolts  in  well-ventilated  stacks,  practices 
that  attempt  to  reduce  deterioration  by  hastening  drying  hold  no 
promise  for  rough  wood.    Rough  wood  is  best  stored  in  close  piles. 

Fungicides  are  now  commonly  mixed  with  insecticides  to  control 
stain,  decay,  and  insect  attack  in  logs.  A  single  treatment  is  desir- 
able. For  this  purpose  pentachlorophenol  in  a  2  percent  concen- 
tration may  be  added  to  the  benzene  hexachloride  treatment  previ- 
ously suggested  in  the  section  on  southern  pine  beetles.  But  to  be 
effective  against  fungi  it  should  be  applied  within  24  hours  after  the 
trees  are  cut.  It  should  never  be  delayed  beyond  48  hours.  Many 
sawmills  store  logs  in  water  and  pulp  mills  are  beginning  to  do  like- 
wise. This  practice  makes  special  measures  against  attacks  by  both 
insects  and  fungi  unnecessary.  Another  advantage  is  that  the  wood 
is  kept  continuously  moist  and  thus  in  good  condition  for  pulping. 

CLIMATE 

Climatic  injuries  often  predispose  trees  to  subsequent  damage 
or  death  from  the  other  destructive  agents  already  discussed.  Also 
havoc  may  come  from  joint  effects  of  two  or  more  storm  elements, 
such  as  ice  and  wind  together.  Drought  destroys  many  southern 
pines  in  some  years,  especially  in  the  western  part  of  the  range,  but 
normally  most  harm  results  from  lightning  and  wind.  Although  the 
mortality  caused  by  strong  wind,  logging  damage,  and  many  other 
causes  tends  to  increase  with  the  number  of  exposed  trees  per  acre, 
this  appears  not  to  be  true  of  lightning. 

Lightning 

The  annual  number  of  lightning  strikes  per  square  mile  averages 
ten  in  the  United  States  and  somewhat  higher  in  north  Florida.  Ir- 
respective of  the  pattern  of  cutting  operations,  lightning  strikes  tend 
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to  be  distributed  rather  evenly  over  flat  topography  on  an  area  basis 
(Trousdell  1955b).  As  many  trees  may  be  hit  in  dense  as  in  thin 
stands,  though  of  course  the  odds  against  damage  to  any  one 
tree  are  less  in  the  dense  stand.  Isolated  trees  are  individually 
vulnerable  and  the  toll  in  percentage  killed  is  naturally  greater 
where  trees  are  few  than  where  they  are  many.  This  is  one  reason 
why,  after  attaining  natural  reproduction  of  pine  and  removing  per- 
haps 80  percent  of  the  seed  source,  the  continued  reservation  of  two 
seed  trees  per  acre  for  fire  insurance  is  not  recommended.  In  this 
situation  the  loss  from  lightning  is  too  likely  to  be  excessive.34 

Under  good  selection  felling  practice  near  Crossett,  Ark.,  a  2- 
year  study  was  made  of  the  causes  of  mortality  among  individual 
trees  4  inches  d.b.h.  and  larger  (Reynolds  1940b).  It  indicated  that 
although  insects  were  the  immediate  cause  of  over  half  the  deaths, 
lightning  was  the  primary  agent  in  fully  70  percent  of  the  loss. 

Losses  from  both  lightning  and  wind  continue  over  long  periods. 
On  the  mid- Atlantic  Coastal  Plain  it  is  estimated  (Trousdell  1955b) 
that  they  account  for  over  50  percent  of  the  losses  among  old-growth 
seed  trees  during  regeneration  and  90  percent  after  the  seedling 
stands  are  established  (table  14).  Where  only  two  trees  were  left 
per  acre  lightning  killed  twice  as  many  trees  as  did  wind,  and  to- 
gether they  destroyed  six  times  as  many  as  all  other  agents.  With 
eight  trees  reserved  lightning  and  wind  accounted  for  half  the  total 
loss. 

Table  14. — Annual  mortality  of  seed  trees  per  100  acres  during  average1  pe- 
riods of  regeneration  and  development  of  youvig  pine  stands  (Trousdell 
1955b ) 


All  other 


Number  and  type  of  reserved  pines 

Lightning 

Wind 

causes 

Total 

Number 

Number 

Number 

Number 

Eight  trees  left  for  seed,  initial  reservation: 

Old  field  

2.1 

2.5 

2.8 

7.4 

Forest  grown  

2.1 

0.5 

5.8 

8.4 

Average  

2.1 

1.8 

3.9 

7.8 

Two  trees  left  for  insurance,  extended 

reservation : 

Old  field,  from  seed  trees  

2.2 

2.8 

0.0 

5.0 

Forest  grown,  from  seed  trees  

2.1 

3.2 

0.7 

6.0 

Forest  grown,  from  strips  

1.9 

0.0 

0.6 

2.5 

Average  

2.0 

1.0 

0.5 

3.5 

1  The  average  regeneration  period  was  3.3  years,  the  development  period  2.1  years  additional  on  the  Bigwoods 
Experimental  Forest  near  Franklin,  Va.,  where  these  data  were  gathered.  Lightning  strikes  averaged  12.8  per  square 
mile. 


34  The  other  reason  is  that  two  trees  per  acre  are  inadequate  for  seed,  where- 
as three  or  more  retard  too  much  young  growth  while  they  stand  and  break  too 
much  of  it  when  they  fall. 
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Wind 

Loblolly  pine  is  usually  relatively  windfirm  as  it  grows  on  soils 
conducive  to  the  development  of  a  deep  taproot  with  strong  laterals 
(Sterrett  1914). 35  Where  the  sands  of  the  Coastal  Plain  are  under- 
lain by  hardpan,  and  on  the  dry  heavy  upland  clays  of  the  Pied- 
mont, the  mature  trees  may  not  be  very  resistant  to  exposure.  In 
such  situations  it  may  be  advisable  to  leave  seed  trees  in  groups 
(Ashe  1910).  Wind  fells  most  trees  by  breakage  when  the  soil  is 
dry  or  by  uprooting  when  it  is  soaked.  A  prolonged  rainy  spell 
at  Crossett,  Ark.,  in  the  spring  of  1953  was  followed  by  extensive 
uprooting  of  pines  (Grano  1953b).  On  Caddo  silt  loam  soils  where 
the  stands  were  about  two-thirds  loblolly  and  only  one-third  short- 
leaf  pine,  some  20  times  as  many  of  the  shortleaf  pines  blew  down 
as  loblolly  pines.  On  these  soils  loblolly  pine  was  the  more  deeply 
rooted.  In  the  Bigwoods  Experimental  Forest  in  North  Carolina, 
the  younger  and  smaller  reserved  trees,  left  for  regeneration  in- 
surance only,  were  not  damaged  by  wind  alone  for  some  time,  and 
the  normal  rate  of  annual  loss  ranged  from  1  to  2  percent.  Less 
than  1  percent  was  lost  during  the  reproduction  period  (Trousdell 
1955b). 

Wind  may  damage  trees  without  destroying  them.  It  may  break 
branches  or  loosen  roots  exposing  the  trees  to  injury  by  other  agents 
or  later  windfall.  Ordinary  high  winds  may  permanently  tilt  the 
less  firmly  rooted  trees.  Leaning  trees  produce  inferior  products. 
Winds  of  moderate  intensity  usually  do  not  harm  the  boles  that  re- 
main upright,  as  loblolly  pine  roots  seldom  hold  the  trees  firmly 
enough  to  create  wind  shakes  (Clark  1912).  In  winds  of  high  in- 
tensity, however,  this  may  no  longer  be  true.  Then  a  tree  whose 
top  is  uniformly  strong  may  suffer  compression  failure  not  only  in 
its  supporting  roots  on  the  leeward  side  but  also  in  the  trunk  near 
the  base  (Mergen  1954). 

Tornadoes  and  hurricanes,  far  more  erratic  and  devastating  than 
ordinary  storms,  are  less  frequent  but  not  rare  in  the  loblolly  pine 
territory.  Timber  as  much  as  50  miles  inland  may  be  blown  down 
by  hurricanes  (Harper  1943).  In  Texas  there  were  violent  storms 
in  1865,  1873,  1883,  and  1900  which  overthrew  old  loblolly  pine  on 
many  thousands  of  acres,  affecting  the  whole  forest  region  west  of 
the  Trinity  River.  On  one  occasion  four  days  of  rain  were  followed 
by  four  days  of  strong  wind.  Fallen  timber  so  impeded  travel  that 
it  had  to  be  burned.  These  destructive  fires  prepared  a  seedbed  for 
extensive  second  growth  (Zon  1905).   More  recently  there  has  been 

35  See  section  on  root  and  shoot  growth,  and  figure  15,  in  chapter  2. 
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lesser  wind  damage  to  pine  in  Texas  in  3  years  out  of  5  (Stephen- 
son 1956). 

In  1954  hurricane  "Hazel"  raked  loblolly  pine  forests  on  the 
Atlantic  coast  with  winds  up  to  100  miles  per  hour.  It  hit  the  Big- 
woods  Experimental  Forest  when  the  soil  was  dry  from  2  weeks  of 
drought.  Damage  to  timber  was  directly  correlated  with  the  size 
and  exposure  of  the  mature  trees.  About  6  percent  of  all  pines  10 
inches  or  larger  in  d.b.h.  fell,  most  of  them  broken  rather  than  up- 
rooted. Sound  trees  of  pole  size  or  smaller  were  not  damaged  much. 
In  uncut  stands  where  defective  trees  had  not  been  harvested,  most 
of  them  broke  at  cankers,  forks,  heart  rot  infections,  or  fire  scars. 
Sound  trees  splintered  at  various  points  from  within  the  crown  to 
ground  level,  but  usually  within  the  first  two  log  lengths.  Much 
internal  damage  to  trees  left  standing  will  not  become  apparent  until 
some  later  storm  breaks  them  off  at  the  weakened  point  or  until  the 
hidden  defect  is  exposed  in  manufacture. 

Damage  tends  to  vary  conspicuously  with  stand  conditions.  When 
hurricane  "Hazel"  struck  Virginia  it  had  a  particularly  disastrous 
effect  on  cutover  areas  with  two  seed  trees  per  acre: 

Area  basis  Volume  loss 

Stand  condition                              (acres)  (percent) 

Two  seed  trees  per  acre                         180  59 

Uncut                                                40  9 

Repeated  selection  cuts  (poor 

risk  trees  removed)                          454  4 

Much  loss  can  be  avoided  by  proper  management.  Young  stands 
subjected  to  repeated  crown  thinnings  to  expose  them  to  a  liberal 
amount  of  wind  will  develop  strengthening  tissues  in  the  lower  part 
of  the  stem  as  well  as  a  strong  supporting  root  system  (Mergen 
1954). 36  In  making  clearings  it  would  be  well  to  avoid  locating  the 
corner  of  a  clearcut  area  where  the  cutting  edges  can  funnel  wind 
into  a  poorly  drained  area.  For  the  same  reason  V-shaped  or  egg- 
shaped  indentations  in  a  wall  of  timber  should  be  avoided  on  the 
side  exposed  to  destructive  winds. 

When  wind  damage  occurs,  wood-boring  insects  (pine  sawyers) 
work  to  destroy  windfalls.  They  take  a  toll  of  25  to  33  percent  of 
the  dying  trees  and  logs  within  3  months  (Hopkins  1910).  Hence 
prompt  salvage  is  a  part  of  good  management. 

Near  the  coast,  winds  sometimes  bring  to  pine,  a  different  type 
of  injury,  salt  water  storm  damage.  Foliage,  especially  immature 
needles,  dies  in  about  a  month  from  salt  spray  deposits  that  may 

36  This  method  of  fortifying  trees  against  wind  may  be  in  part  offset  by 
an  increase  in  their  susceptibility  to  ice  damage.    See  next  section. 
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extend  a  half  mile  inland  after  a  storm.  Of  all  species  observed  on 
the  shores  of  Chesapeake  Bay,  loblolly  pine  appears  most  sensitive  to 
such  defoliation.  (Little,  Mohr,  and  Spicer  1958).  Except  for  trees 
of  poor  vigor  this  damage  has  seldom  been  fatal  on  the  Eastern  Shore 
of  Maryland.  In  plantations  on  the  coast  of  North  Carolina  salt 
spray  has  killed  many  planted  trees  and  reduced  the  survivors  to 
dwarfed  espalier  forms.  In  places  the  stands  of  pine  on  lowlands 
have  been  damaged  by  brackish  water  brought  in  by  high  storm  tides. 

Freezing  weather 

Ice  in  various  forms  may  injure  trees  in  different  ways  and  most 
often  near  their  northern  or  altitudinal  limits  of  natural  distribu- 
tion. Seedlings  planted  on  badly  eroded  spots  or  other  exposed  sites 
may  be  damaged  by  frost  heaving  in  loam  or  clay  soil  unless  they 
are  mulched  until  their  roots  take  firm  hold.  A  report  (Wood  1936) 
on  the  planting  of  loblolly  pine  in  southern  New  Jersey  showed  that 
2-0  stock  suffered  frost  damage  in  June  of  the  first  year  but  was  not 
injured  by  a  temperature  of  —  25 °F.  in  its  third  year  at  which  time 
the  survival  was  37  percent. 

Injury  may  occur,  however,  when  loblolly  pines  accustomed  to  a 
long  frost-free  period  are  planted  where  the  growing  season  is 
shorter.  After  cold  weather  in  November  1951  damaged  loblolly 
pine  in  a  seed-source  test  in  the  Arkansas  Ozarks,  it  was  concluded 
(Shoulders  1952)  that  for  planting  in  that  locality  the  seed  source 
should  not  be  south  of  Maryland.  Jackson  (1952),  measuring  changes 
in  radial  growth  of  loblolly  pines  at  2-week  intervals,  found  stem 
growth  at  breast  height  starting  as  the  new  shoots  elongated  and 
continuing  into  October  in  the  Piedmont  section  of  Georgia. 

The  primary  stage  in  the  development  of  female  flowers  is  often 
nipped  by  frost.  Observations  by  P.  C.  Wakeley  indicate  that  at 
Many,  La.,  on  March  25-27,  1955,  low  temperatures  of  25°  to  28°F. 
killed  many  of  these  flowers  on  shortleaf  pines.  In  this  instance, 
those  of  loblolly  pine  escaped  injury  because  they  were  2  or  3  weeks 
beyond  the  pollen  receptive  stage.  Only  the  flowers  fully  protected 
by  bud  scales  survived  in  appreciable  numbers.  Early  fall  or  late 
spring  frost  may  also  injure  some  of  the  youngest  vegetative  parts 
of  pines.  Loblolly  pine  is  less  susceptible  to  frost  when  growing 
slowly  than  when  making  rapid  succulent  growth.  Needle  droop  on 
terminal  twigs  is  a  symptom  of  such  injury  (Davis,  Wright,  and 
Hartley  1942).  Winter  transpiration  injury  has  been  observed  on 
loblolly  pines  in  South  Carolina  where  recently  planted  seedlings 
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were  desiccated  by  15  windy  days  while  night  temperatures  were 
below  freezing. 

Hail  is  comparatively  rare  in  any  one  locality  and  usually  does 
little  damage,  but  it  sometimes  strips  pine  foliage  severely  in  spots 
<  Harper  1943  .  It  may  injure  the  twigs  and  small  stems  of  saplings. 
In  nurseries  it  occasionally  kills  seedlings  in  large  numbers  if  it 
strikes  them  in  the  cotyledon  stage. 

Damaging  glaze  storms,  occurring  perhaps  once  in  a  decade, 
permanently  bend,  break  down,  or  uproot  slender  loblolly  pines  after 
they  exceed  about  12  feet  in  height.  A  severe  and  widespread  ice 
storm  hit  Texas  in  1944.  necessitating  an  extensive  emergency  organ- 
ization for  the  salvage  of  broken  trees,  many  of  them  loblolly  pine. 
The  yellow  pines  in  plantations  have  often  been  observed  to  differ 
somewhat  in  their  capacity  to  withstand  an  overload  of  ice.  Damage 
from  a  glaze  storm  at  Athens.  Georgia,  in  January  1910  was  as  fol- 
lows :  longleaf  pine  21  percent,  slash  pine  29  percent,  and  loblolly 
pine  1  percent  McKeller  1942  i.  Ninety  percent  of  all  the  pines 
straightened  up  after  slight  bending,  and  20  to  30  percent  of  the 
badly  bent  trees  recovered  in  part.  Among  the  loblolly  pines  that 
were  still  badly  bent  in  February.  56  percent  were  again  erect  by 
October.  Loblolly  pine  was  similarly  found  superior  in  northern 
Louisiana  Muntz  1947  .  There  it  was  set  out  with  slash  pine  in 
alternate-row  or  three-row  mixtures.  At  10  years  of  age  the  ice 
damage  was  34  percent  for  slash  pine  and  5  percent  for  loblolly 
pine.  Elsewhere  at  12  years  the  damage  was  44  percent  for  slash 
pine  and  24  percent  for  loblolly  pine.  Only  in  Florida  and  in  a  belt 
150  miles  wide  along  the  gulf  coast  can  the  superior  ice  resistance  of 
loblolly  pine  safely  be  disregarded  in  favor  of  slash  pine.  Farther 
north,  where  ice  storms  occur  about  once  in  5  years,  loblolly  pine 
can  be  planted  with  more  assurance  of  success  than  the  other  species. 

The  superior  resistance  of  loblolly  pine  has  been  attributed  to 
the  greater  flexibility  and  resilience  of  its  stems  and  branches,  but 
never  fully  explained.  It  may  excel  both  slash  and  longleaf  pines 
partly  because  its  shorter  needles  hold  less  ice.  In  mixture  with 
other  pines  at  AVatkinsville.  Ga..  loblolly  pine  again  excelled  slash 
pine,  but  not  shortleaf  pine,  in  resisting  ice  I  Hendrickson  1949). 
The  needle  length  hypothesis  was  not  supported  by  experience  with 
ice  damage  in  Texas.  There  the  shortleaf  pine  suffered  three  times 
as  much  damage  as  loblolly  pine  'Bull.  ^Villiams.  and  Judson  1948) 
in  natural  stands.  In  this  instance  however,  the  inferiority  of  short- 
leaf  pine  may  have  been  more  apparent  than  real,  because  of  a  pre- 
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Figure  28. — Glaze  damage  in  loblolly  pine-shortleaf  pine  forest  near  Athens. 
Ga.,  from  ice  storm,  December  24  to  26,  1945.  The  shaded  band  represents 
uprooting;  the  rest  of  the  damage  is  from  breakage.  High  damage  is  as- 
sociated with  stand  density,  A  ;  and  recent  exposure,  B. 


ponderance  of  more  susceptible  suppressed  Trees  aucl  a  secondary 
attack  by  beetles. 

In  general,  natural  stands  appear  just  as  susceptible  to  injury 
from  ice  as  are  planted  stands  properly  spaced  and  thinned.  Ice 
damage  is  found  in  both  open-grown  and  dense  stands,  but  the 
trees  that  show  the  effects  of  crowding  are  somewhat  more  susceptible. 
Although  dense  stands  tend  to  suffer  the  highest  percentage  of  loss, 
they  are  likely  to  emerge  with  the  most  undamaged  trees.  This  is 
the  situation  where  calm  weather  outlasts  the  ice  overload. 

The  susceptibility  of  Piedmont  pine  stands  to  storm  damage  in- 
creases with  age.  but  the  two  stand  factors  having  the  greatest  effect 
on  damage  are  degree  and  type  of  cutting.  A  detailed  study37  of 
the  storms  in  December  1945  near  Athens.   Ga..  revealed  heavy 

3'  Glaze  damage  in  Piedmont  pine  timber — rough  draft  of  an  unpublished 
research  report  (SP-1.1)  by  George  Stephenson,  1946. 
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damage  from  ice  and  wind.  In  stands  up  to  60  years  old.  and  re- 
gardless of  the  density  of  stocking,  the  percentage  of  damage  rose 
sharply  where  cutting  exceeded  30  percent,  then  leveled  off  as  more 
than  half  the  stand  was  removed.  The  smaller  and  more  slender 
stems  are  most  susceptible  to  damage.  ^VTiere  the  average  size  of 
cut  trees  was  the  same  as  that  for  the  stand  as  a  whole  damage  was 
not  increased,  but  the  larger  the  trees  cut  in  relation  to  those  left, 
the  greater  was  the  percentage  of  reserved  trees  lost.38 

Regardless  of  age  or  degree  of  cutting  within  a  stand,  the  in- 
dividual position  of  each  tree  influences  its  resistance  to  ice  damage. 
One   out   of   four   unsupported    trees   were    lost   at   Athens.  Ga. 

Trees  damaged 

Position  in  relation  to  neighboring  trees  (percent) 

Xo  crown  contact   26 . 6 

Adjacent  to  recent  opening   12.8 

On  permanent  timber  edge   5.2 

Crown  coDtact  on  all  sides   0.4 

Although  heavy  loss  occurred  wherever  trees  were  exposed  in  any  de- 
gree, relatively  small  damage  was  done  to  timber-edge  trees.  With  ex- 
tended exposure  trees  reduce  their  form  class  and  improve  their 
stability.  In  spite  of  larger  crowns  and  more  foliage  to  catch  ice. 
their  storm  resistance  is  increased.  Where  only  dominant  trees  are 
left  in  exposed  positions  the  risk  of  loss  is  less  imminent.  Spindling 
suppressed  trees — tall.  thin,  and  short  crowned — are  especially 
vulnerable  when  loaded  with  ice  in  exposed  locations.  TThere  un- 
managed  stands  are  heavily  cut  storms  destroy  many  of  the  spindly 
trees  left  |  fig.  28).  The  percentage  of  tree  height  in  live  crown  and 
the  former  stand  density  were  observed  by  Xelson  (1951)  to  be  re- 
lated to  storm  damage  as  follows: 

Mortality  by  Basal  area  of  Mortality  by 

Live  crown  crown  length  original  stand    former  density 

length  class  class 

{percent)  (percent)  (sq.ft.)  (percent) 

5-15   18.2                40-50   0.0 

16-25   18.0                55-60   3.6 

26-35   3.4                60-50   23.5 

Over  36   0.0 

This  danger  from  sudden  exposure  after  thinning  in  overstocked 
stands  was  also  noted  in  central  Mississippi  (Tyler  1952)  after  an 
ice  storm  in  1951 : 

38  In  this  relationship  a  measure  of  susceptibility  of  cutover  stands  is  the 
ratio  between  average  diameters  of  trees  taken  and  of  those  left.  The  tendency 
was  for  damage  to  increase  directly  by  15  to  20  percent  as  this  cut-leave  ratio 
rose  front  1.0  to  1.6.  This  trend  is  the  most  noticeable  in  the  older  and  the 
more  severely  cut  stands. 
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Stand  condition 


Loss 


Overstocked  and  not  thinned 

Thinned  from  below  

Heavily  thinned  from  above 


Negligible 
10-15  percent 
Over  50  percent 


Here  again  is  evidence  that  recent  exposure  of  slender  stems  largely 
accounts  for  the  loss  sustained. 

Dry  and  hot  weather 

The  prime  cause  of  first-year  seedling-  mortality  is  drought.  In  for- 
est openings  where  regeneration  of  pine  is  needed,  the  soil  often  dries 
out  gradually  from  the  top  down  between  rains.  Thus  the  moisture 
supply  for  yearling  seedlings  is  fluctuating  and  uncertain.  This  con- 
dition is  common  even  in  localities  where  enough  rain  falls  annually 
for  the  morn  deeply  rooted  saplings  and  trees.  The  deeper  and  more 
constantly  moist  soil  is  not  available  for  seedlings  in  their  first  year 
or  two.  Transpiration  cannot  for  long  exceed  absorption  without 
serious  desiccation  in  leaf  tissues. 

Closely  associated  with  first -year  drought  is  the  possibility  of 
heat  damage  to  tender  newly  germinated  seedlings.  Extreme  tem- 
peratures can  injure  them  near  the  surface  of  dry  mineral  soil. 
Succulent  stem  tissue  is  more  vulnerable  than  are  the  cotyledons  or 
older  leaves.31" 

After  their  first  growing  season  loblolly  pine  seedlings  can  with- 
stand ground-level  temperatures  of  at  least  149 :F.  without  adverse 
effects,  and  are  more  resistant  to  short  droughts.  As  they  are  still  rel- 
atively small  and  superficially  rooted,  prolonged  drought  is  still 
harmful.  The  effects  of  a  10-week  drought  in  the  autumn  of  1954 
were  observed  over  the  lower  Piedmont  in  Georgia.  The  damage  to 
loblolly  pine  was  clearly  related  to  the  depth  of  soil.  Among  seed- 
lings up  to  6  years  old  mortality  was  confined  to  the  shallow  soils 
where  the  top  and  subsoil  layers  together  were  less  than  20  inches 
deep.  "Where  there  were  less  than  16  inches  of  soil  over  impervious 
parent  materials,  pine  saplings  up  to  15  years  old  died.  On  sites 
with  an  effective  depth  of  16  to  20  inches  of  poorly  developed  soil, 
over  loose  friable  parent  material,  only  the  younger  smaller  seed- 
lings succumbed    Brender  1955"). 

On  many  soils  in  Texas.  Louisiana,  and  Arkansas,  and  possibly 
north  Mississippi,  repeated  seedling  losses  from  drought  contribute 
as  much  as  fire  or  over-cutting  to  forest  depletion.  Unfortunately, 

39  At  2  months  of  age  loblolly  pines  tolerate  higher  temperatures  than  sweet- 
gum  seedlings.  The  first  visible  damage  was  observed  (Thomas  and  Piatt  1954) 
on  open-grown  loblolly  pine  at  131  °F.  and  on  shade-grown  plants  at  118 eF. 
Similar  heat  injury  occurred  at  122  =  F.  on  open-grown  sweetgum  and  at  102°F. 
on  shade-grown  gum  (Bormann  1953). 
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unless  hardwood  and  brush  competition  can  be  elminated,  little 
can  be  done  as  yet  to  alleviate  drought  effects  on  seedlings.  Treat- 
ments such  as  waxing  or  partially  removing  foliage  to  reduce 
transpiration  usually  interfere  with  vital  processes.  Partial  shade 
is  helpful,  but  difficult  to  provide  in  places  where  forest  seedlings 
are  otherwise  free  to  grow. 

Among  loblolly  pines  beyond  the  seedling  stage,  mortality  from 
drought  is  usually  light.  Growth  retardation,  however,  may  be 
severe  among  saplings  or  even  the  larger  subdominant  trees.  In 
this  manner  unseasonable  weather  can  modify  the  relation  of  pine 
to  its  associates  favorably  or  otherwise,  depending  on  intensity  and 
timing.  Untimely  weather  may  foster  or  terminate  insect  attacks. 
Throughout  their  range,  pines  retarded  by  drought  may  attract  bark 
beetles. 

Severe  drought  may  also  directly  ,  and  seriously  retard  the  growth 
of  whole  stands  of  pine  timber.  An  average  growing-season  deficit 
of  5.23  inches  in  precipitation  during  5  years  (1952-56)  at  Crossett, 
Ark.,  reduced  growth  of  pine  timber  by  35  percent  in  cubic  volume 
and  43  percent  in  board-foot  volume  (Reynolds  1958). 

During  the  drought  in  the  Georgia  Piedmont  in  1954,  pole-size  tim- 
ber lost  about  1  square  foot  of  basal  area  per  acre  or  40  percent  of  its 
annual  growth.  Losses  in  volume  growth  alone  on  a  sample  tract  of 
128  acres  were  estimated  31  cubic  feet  or  84  board  feet  per  acre.  On 
16  percent  of  this  area  the  loss  in  growth  plus  the  loss  from  mortality 
ran  higher,  exceeding  the  expected  net  annual  growth  of  82  cubic 
feet,  and,  in  spots,  equaling  twice  the  normal  current  yearly  growth 
(Brender  and  Hodges  1957a). 

Where  silviculture  is  practiced  many  of  the  weaker  trees  are  re- 
moved from  the  denser  parts  of  stands,  thus  anticipating  and  pre- 
cluding much  drought  damage.  In  east  Texas  in  1951,  a  drought, 
assisted  by  bark  beetles,  killed  8  times  as  much  sawtimber  per  acre 
in  uncut  and  unimproved  stands  as  it  did  on  intensively  managed 
areas  (Mignery  1952).  Until  recent  years  timber  stand  improve- 
ment work  has  been  concentrated  largely  on  culling  out  weed  species 
and  other  undesirable  large  trees;  now  many  understories  are  being 
treated  to  make  room  for  succeeding  timber  crops.  As  yet,  in  the 
humid  South  there  is  little  evidence  that,  for  timber  on  average 
sites  in  normal  years,  competition  from  a  hardwood  understory  harms 
or  benefits  a  pine  overstory.  However,  it  remains  to  be  determined, 
for  poor  sites  and  dry  years,  the  extent  to  which  the  same  under- 
brush can  retard  the  growth  of  an  overwood  (McClay  1955a).  Soil 
moisture  is  retained  at  a  satisfactory  level  for  a  longer  period  into 
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the  growing  season  where  all  underbrush  has  been  removed  (Zahner 
1956).  The  vital  reason  for  removal  of  understories  is  to  promote 
the  regeneration  of  pine;  except  for  dry  sites  and  in  drought  periods 
any  favorable  effect  on  growth  is  incidental. 

SUMMARY 

Seedlings  are  especially  susceptible  to  outright  killing  by  fire,  but 
many  larger  trees — first  injured  by  fire,  logging,  drought,  or  storm — 
succumb  later  to  insects  or  disease.  The  smaller  and  weaker  pines 
usually,  but  not  always,  are  the  first  and  most  likely  trees  to  die. 
Loblolly  pines  of  all  sizes  often  have  their  resistance  lowered  by 
more  than  one  injurious  agent. 

Trees,  both  large  and  small,  may  be  bruised  or  broken  by  logging, 
particularly  during  mechanized  operations.  Growth  of  timber  may 
be  retarded  because  soil  is  packed,  and  feeding  roots  of  large  trees 
injured  by  the  use  of  heavy  tractors  on  saturated  ground.  Mills 
must  operate  even  in  wet  weather,  but  most  operators  can  avoid 
such  damage  by  the  proper  timing  of  harvests.  An  orderly  succes- 
sion in  partial  cutting  of  trees,  and  extraction  of  logs  during  dry 
weather  and  while  seedlings  are  still  small  and  flexible,  will  reduce 
damage  appreciably.  Mortality  after  partial  harvest,  seldom  ex- 
cessive in  timber  less  than  40  years  old,  can  be  minimized  further 
by  removal  of  the  more  susceptible  or  ktpoor  risk"  trees  in  the  earlier 
cuttings. 

A  mixture  of  species  theoretically  increases  resistance  of  timber 
stands  to  insects  and  disease.  An  artificial  mixture  for  the  long- 
term  protection  of  plantations  and  soils  should  provide  for  the 
dominance  of  loblolly  pine  by  planting  this  species  3  to  1  in  alternate 
blocks  or  bands  with  some  merchantable  associated  species.  Al- 
though many  upland  pine  sites  do  not  produce  merchantable  hard- 
woods the  hardwood  component  in  loblolly  pine  stands  seldom  can, 
and  probably  never  should,  be  eliminated  completely,  at  the  lower 
levels.  Most,  if  not  all,  of  the  silvicultural  benefits  from  a  hard- 
wood component  can  be  obtained  with  all  hardwoods  relegated  to 
the  understory.  Many  pure  stands  of  pine  may  remain  healthy 
throughout  a  rotation,  but  by  and  large  the  solution  of  the  hardwood 
problem  is  to  achieve  adequate  control,  not  eradication,  of  broad- 
leaved  shrubs  and  trees. 

Various  types  of  fires — surface,  ground,  crown,  blow-up,  or  con- 
trolled— are  distinguished.  Fire  kills  the  smaller  pines  and  does 
most  damage  when  it  occurs  in  summer.  The  degree  of  damage  can 
be  most  accurately  appraised  a  year  later.     Experiments  are  in 
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progress  at  various  places  to  determine  how  fire  can  best  be  used 
with  a  minimum  of  damage  in  controlling  hardwood  invasions.  Al- 
ways where  burns  are  scheduled  the  various  protective  and  silvicul- 
tural  purposes  to  be  served  should  have  joint  consideration. 

Forest  protection  has  advanced  in  recent  years  through  improved 
prevention,  detection,  and  suppression  of  fires.  A  recent  innovation 
is  the  prescription  of  controlled  burning  for  various  cultural  pur- 
poses. The  effect  of  this  in  the  Coastal  Plain  has  been  first  to  reduce 
fire  hazard  and  then  fire  risk  through  improvement  in  public  rela- 
tions. Where  fire  is  used  more  it  is  abused  less.  Detection  of  fire 
has  improved  with  better  state  organization  of  forces  and  some  use 
of  airplanes.  Suppression,  too,  has  advanced  with  new  mechanized 
equipment  and  with  the  development  of  research  to  perfect  the  meas- 
urement and  prediction  of  fire  danger.  Modern  fire  control  becomes 
more  economical  as  the  suppression  forces  can  be  adjusted  up  or 
down  on  the  basis  of  correctly  calculated  degrees  of  danger.  All 
these  developments  are  now  aiding  the  economic  objective  of  su- 
stained yield  in  forest  management  by  furthering  the  recognition 
of  organized  forestry  operations  as  an  insurable  business  invest- 
ment. 

Insects  in  the  pine  forests,  as  in  agriculture,  remain  a  problem. 
Various  beetles,  moths,  weevils,  grubs,  and  sawflies  attack  pine  trees 
and  the  rough  round  products.  In  forests  silvicultural  cutting  may 
reduce  infestations  75  percent  or  more,  but  insects  must  be  identified 
for  specific  control. 

Infestations  of  the  southern  pine  beetle  or  engraver  beetles  are 
most  likely  to  become  epidemic  in  periods  of  drought,  Control 
measures  must  be  prompt  to  be  effective.  Turpentine  beetles  at- 
tack the  bases  of  pines  often  below  ground.  Their  damage  is  usually 
less,  but  it  may  be  cumulative  and  should  not  be  ignored.  Special 
measures  to  control  all  these  beetles  are  suggested.  Various  tip 
moths  make  young  trees  bushy,  especially  in  pure  stands;  chemical 
control  on  a  limited  scale  may  be  justified.  Pines  planted  promptly 
on  recently  cutover  pine  areas  need  chemical  protection  from  pales 
weevil.  Aerial  chemical  control  of  sawflies  is  needed  only  where 
defoliation  is  extensive  and  severe.  Other  defoliators  and  cone 
insects  are  not  often  controlled  artificially.  White  grubs  need  con- 
trol in  nurseries  and  some  field  plantations.  A  new  development  in 
the  protection  of  logs  is  to  treat  them  simultaneously  against  both 
wood  borers  and  sap  stain. 

Among  domestic  animals  cattle  and  horses  do  least  damage  to 
pines,  and  hogs  injure  loblolly  pine  less  than  some  other  species. 
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Sheep,  and  especially  goats,  tend  to  be  more  destructive  because  of 
close  cropping-  and  indiscriminate  browsing.  Even  properly  fed 
and  pastured  farm  animals  should  be  excluded  from  pine  planta- 
tions for  the  first  year  or  two.  Rodents  and  birds  eat  many  pine 
seeds,  but  among  wild  creatures  rabbits  and  gophers  are  most  apt  to 
injure  plantations  to  an  extent  that  calls  for  artificial  controls. 

The  native  fusiform  rust  disease  has  alternate  stages  on  various 
oaks.  It  often  appears  on  young  loblolly  pines  in  the  form  of  spindle- 
shaped  cankers.  This  rust  is  controllable  in  nurseries  by  fungicidal 
sprays.  Infected  small  seedlings,  not  discarded  at  planting  time, 
will  die.  All  swollen  branches  within  15  inches  of  the  main  stem  of 
saplings  should  be  removed  to  prevent  the  fungus  from  reaching  the 
main  stem.  Trunk  infections  tend  gradually  to  weaken  the  larger 
trees,  and  subject  them  to  wind  breakage,  though  in  pole  sizes  boles 
40  percent  girdled  by  cankers  may  last  about  10  years.  Fire  may 
favor  or  retard  the  spread  of  this  disease  depending  on  local  condi- 
tions. 

Most  of  the  butt  and  root  diseases  have  not  been  extensive  or 
serious,  except  the  littleleaf  disease,  and  even  this  injures  shortleaf 
pine  more  than  loblolly.  This  disease,  aggravated  by  poor  soil  con- 
ditions, is  countered  so  far  only  by  the  use  of  short  rotations  and  by 
frequent  sanitation  or  salvage  cuttings  favoring  loblolly  pine.  Nu- 
merous needle  blights  are  rather  common.  They  retard  growth,  but 
the  uncontrolled  damage  is  temporary.  Heart  rots  are  not  com- 
mercially important  in  second-growth  forests.  Stain  and  decay 
often  damage  stored  products  seriously,  but  effective  control  methods 
are  available. 

There  are  several  sources  of  climatic  injury  to  pines,  but  the 
most  harmful  are  three  storm  elements:  lightning,  wind,  and  ice. 
alone  or  in  combination.  Some  merchantable  trees  die  ;  others  suffer 
reduced  radial  growth.  Each  element  produces  both  immediate 
damage  and  subsequent  complications  from  insects  or  disease.  Direct 
injury  is  mostly  from  uprooting,  breakage,  and  deformation:  in- 
direct injury  from  bark  beetles  and  decay.  But  loblolly  pine  is  more 
resistant  than  some  other  species.  Severe  weather,  drought  and  cold, 
most  often  interfere  with  natural  reproduction  or  the  survival  of 
very  young  seedlings. 

Climatic  damage,  like  that  from  other  injurious  agents,  cannot 
always  be  avoided,  but  it  can  be  greatly  reduced  and  adverse  com- 
plications alleviated  by  the  application  of  good  silviculture. 
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Natural  Regeneration 

THE  PROBLEM 

Xhe  key  to  intensive  silviculture  is  the  ability  to  bridge  promptly 
the  gap  between  harvest  of  the  old  and  establishment  of  a  new  forest. 
Timeliness  of  measures  taken  is  necessary  to  get  any  even-aged  pine 
stand  reproduced  easily  and  cheaply.40  Success  with  loblolly  pine 
hinges  on  careful  planning  to  bring  together  adequate  amounts  of 
seed  and  favorable  seedbeds.  In  many  places  also,  particularly  at 
the  western  end  of  the  range,  a  third  requirement  is  the  occurrence 
of  favorable  climatic  conditions  during  the  regeneration  period. 
Where  plenty  of  seeds  reach  mineral  soil  and  escape  drought  in  the 
first  year  or  two,  the  "catch"  is  usually  sufficient  for  a  new  crop  of 
pine. 

When,  as  often  happens,  these  requirements  are  not  met  the 
year  after  timber  is  harvested,  natural  regeneration  of  pine  in  even- 
aged  stands  is  delayed  and  uncertain.  Good  seed  years  and  adequate 
moisture  for  seedlings  often  do  not  coincide.  Recently  in  Texas  and 
Louisiana  dry  summers  have  repeatedly  followed  good  seed  years, 
precluding  regeneration  even  where  sites  were  well  prepared.  On  the 
Atlantic  Coastal  Plain  failures  result  more  often  from  neglecting 
to  release  seed  trees  or  to  prepare  sites,  or  both.  In  the  Piedmont 
sufficient  seed  is  frequently  not  available,  but  on  the  drier  sites  there 
the  hardwood  sprouts  encroach  rather  slowly,  so  that  some  delay  in 
reproduction  under  shelterwood  is  not  serious.  Scarcity  of  seed  is 
most  likely  to  be  the  principal  obstacle  to  natural  regeneration  in 
short-rotation  cutting  of  even-aged  pine  stands  for  pulpwood  only. 

Partial  failures  from  any  of  these  causes  not  only  reduce  yields, 
but  also  lower  their  quality.  Seedlings  that  come  in  late  are  usually 
too  few.    They  either  die  early  or  remain  seriously  handicapped  by 

40  Uneven-aged  silviculture,  the  system  wherein  regeneration  is  permitted  to 
extend  over  long  periods  and  is  scattered  over  large  areas,  is  discussed  in  chap- 
ter 8.  However,  the  silvical  basis  needed  for  all-aged  operations  is  given  here  in 
chapter  4  in  the  section  "Freedom  to  Grow." 
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competition  from  other  vegetation.  Thus  when  regeneration  requires 
two  or  more  waves  of  reproduction,  the  second  surge  is  apt  to  be 
less  effective,  permitting  the  seedlings  that  started  first  to  form  a 
thin  stand  of  pine.  Where  scattered  pine  saplings  develop  without 
competition  on  their  own  level,  they  grow  into  undesirable  limby 
"wolf"  trees.  The  prevalence  of  partial  failure  is  ascribed  to  the 
fact  that  requirements  for  natural  regeneration  are  imperfectly  un- 
derstood or  are  ignored  by  many  who  harvest  pine  timber.  To  the 
extent  that  grass,  weeds,  shrubs,  and  undesirable  hardwoods  take 
over  the  land,  an  effective  remedy  may  need  to  be  both  drastic  and 
expensive  (Wenger  and  Trousdell  1958). 41 

Before  hope  is  abandoned  for  natural  regeneration  and  certain 
areas  are  designated  to  be  planted  to  pine,  the  opportunity  for 
successful  reseeding  should  be  appraised.  For  this  purpose  the  re- 
sults of  an  extensive  survey  with  445  temporary  plots  in  east-central 
Alabama  (Brinkman  and  Swarthout  1942)  are  useful  in  that  state 
and  possibly  in  other  places  with  similar  climate.  The  survey  re- 
vealed a  lack  of  satisfactory  young  pine  stands  on  80  percent  of  the 
areas  where  they  were  needed  because  of  unsatisfactory  older  stands. 
For  good  regeneration  the  breaks  in  the  overwood  canopy  had  to 
aggregate  at  least  65  percent  in  natural  stands  or  50  percent  in  old- 
field  stands  where  there  was  usually  less  underbrush.42  Areas  30 
percent  covered  with  young  hardwoods  were  not  satisfactorily  re- 
produced to  pine.  An  inadequate  seed  supply  was  apparently 
responsible  for  the  partial  or  complete  failure  of  pine  reproduction 
on  about  half  the  areas.  To  be  effective  in  a  single  year,  the  survey 
indicated  an  average  of  10  seed  trees  per  acre  was  necessary  in  Ala- 
bama. 

Combinations  of  conditions  that  were  found  favorable  to  loblolly 
pine  reproduction  after  repeated  seed  years  point  to  minimum 
standards  as  follows : 

41  We  can  confidently  look  forward  to  a  third  generation  in  pine  silviculture 
wherein  this  acute  problem  in  natural  reproduction  will  tend  to  disappear.  Al- 
though natural  succession  cannot  be  abolished,  the  source  of  hardwood  seeds  can 
be  removed  and  the  capacity  of  remaining  root  and  stump  fragments  to  sprout 
can  be  effectively  subdued.  When  all  woody  competition  has  finally  been  over- 
come, the  herbaceous  vegetation  can  be  easily  controlled. 

42  On  similar  terrain,  well  protected  from  fire  in  the  lower  Piedmont  of 
Georgia,  smaller  breaks  in  the  canopy,  i.e.,  areas  aggregating  about  20  percent, 
will  suffice  for  regeneration  under  canopies  that  are  at  least  30  feet  above  ground. 
Side  light  under  canopies  is  helpful,  but  since  the  amount  of  moisture  available 
varies  with  type  and  depth  of  soil,  the  size  of  breaks  in  the  canopy  wherein  pine 
seedlings  can  grow  will  vary  tremendously  from  one  area  to  another. 
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Good  seed  trees  per  acre,  i.e.,  trees  that  can  produce  at 

least  250  cones  in  a  5-year  regeneration  period  number      .  .  .  3 

Ground  free  from — 

Hardwood  cover  alone    percent  75 
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Entire  pine-hardwood  canopy   do  40 

Understory  free  from  overtopping  by 

hardwood  reproduction  or  brush  <j0  go 

Time  after  seedfall  without — 

Fire   

Concentrated  grazing   "^0 
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Wakeley  (1944b)  reports  that  not  only  has  this  Alabama  survey 
withstood  statistical  and  practical  tests,  but  also  it  enables  a  land 
manager  to  recognize  the  following  three  stand  conditions:  (1)  good 
prospects  for  reproduction  where  stands  should  be  untouched  during 
a  crop  or  two  of  seed,  (2)  reproduction  prospects  poor  and  planting 
needed,  and  (3)  seed  source  adequate,  but  another  factor  in  need  of 
correction  to  meet  requirements. 

Classification  of  land  in  some  such  manner  is  prerequisite  to 
sound  planning  for  auxiliary  measures  to  favor  regeneration  by 
either  artificial  or  natural  methods.  Some  factors  not  found  in  the 
Coastal  Plain  complicate  the  problem  in  the  lower  Piedmont  area. 
Here,  in  surveying  the  prospects  for  pine  reproduction,  recognition 
must  be  given  to  the  effects  of  local  topographic  situation  and  steep- 
ness of  slope.  Through  their  influence  on  moisture  content  and 
depth  of  soils,  they  modify  vegetal  competition  for  prospective  pine 
seedlings,  and  hence  the  chance  for  satisfactory  volunteer  regenera- 
tion. 

The  main  elements  in  the  problem  of  planned  regeneration  here 
considered  are  (1)  production,  dissemination,  and  control  of  seed 
supplies,  (2)  character,  influence,  and  preparation  of  seedbeds,  and 
(3)  requirements  for  early  establishment  and  freedom  for  pines  to 
grow. 

SEED  CROPS 

Inflorescence 

Juvenile  flowering  is  uncommon  for  pines.  Forest  grown  pines 
must  usually  reach  pole  size  before  blooming  profusely.43 

The  male  catkins  of  loblolly  pine  are  borne  in  crowded  clusters 
at  the  base  of  the  spring  growth  of  twigs  ( plate  1 ) .  They  are  yellow, 
%  to  1  inch  long,  and  surrounded  at  the  base  by  8  to  10  scales. 

43  Strictly  speaking  the  pines  are  not  flowering  plants;  the  structures  herein 
called  flowers  are  technically  strobili.  The  minimum  age  for  flower  production 
in  open-grown  loblolly  pine  was  observed  at  Placerville,  Calif.  (Bighter  1939),  to 
be  6  years  for  staminate  flowers  and  5  years  for  ovulate  flowers. 
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These  flowers  ripen  to  discharge  pollen  in  February  or  March  in  the 
Deep  South  and  in  April  farther  north;  then  they  arc  gradually 
shed.  Some  observers  report  that  most  of  the  ovulate  flowers  are 
borne  later  and  higher  in  the  crown  than  many  of  the  staminate  ones. 
This  tends  to  discourage  self-pollination  of  pines  on  small  tracts 
wherein  wind-blown  pollen  is  most  likely  to  land  on  the  flowers  of 
adjacent  trees.  In  extensive  pine  forest,  however,  tho  pollination 
process  is  a  random  one  because  -  the  atmosphere  becomes  heavily 
laden  with  pollen  to  a  height  of  several  hundred  feet. 

Measurements  of  typical  loblolly  pine  pollen,  made  to  facilitate 
identification  of  fossil  pollens  in  peat  deposits  (Cain  1940  i.  are  as 
follows  in  microns : 

The  grains  Their  wings 

Dimension  Range  Average  Range  Average 

Length   66-72  69  39-51  46 

Depth   45-48  47  26-31  30 

Breadth   50-58  53  55-62  58 

Although  the  pollen  from  a  given  tree  or  stand  may  ripen  over 
a  period  of  2  weeks  in  the  same  latitude,  depending  on  elevation  and 
distance  from  the  seacoast,  the  pollen  period  is  retarded  on  the 
average  about  a  week  for  each  additional  degree  of  north  latitude 
Dorman  and  Barber  1956  .  Thus  it  may  be  6  weeks  later  in  North 
Carolina  than  in  Florida. 

Higher  on  the  seasonal  shoot  the  ovulate  flowers  are  borne  on 
short  stalks,  singly  or  2  to  6  together  easily  observable.  They  are 
purplish  green,  erect,  miniature  cones.  12  to  3  4  inch  long  and  sur- 
rounded by  15  to  20  scales.  Immediately  after  pollination  the  female 
conelets  that  escape  insects,  disease,  and  frost  expand  rapidly,  often 
doubling  their  size  in  10  days.  During  the  remainder  of  the  season 
the  conelets  grow  slowly,  reaching  only  about  r-  the  size  of  ripe 
cones,  because  the  actual  union  of  the  male  and  female  reproduction 
cells  does  not  take  place  until  late  spring  of  the  second  year. 

Recently  the  desire  for  tree  improvement  through  artificial  cross 
pollination  has  focused  further  attention  to  pine  flowers.  The  tend- 
ency toward  delayed  blooming  in  the  more  northern  locations  is  not 
manifest  locally.  For  example  in  east  Texas,  with  a  span  of  250 
miles  of  latitude  within  the  loblolly  pine  range,  the  trend  is  some- 
times reversed.  Only  in  the  outlying  "Lost  Pine"  area  of  Fayette 
County  is  flowering  consistently  early  (Zobel  and  Goddard  1954). 
The  period  when  female  flowers  can  be  pollinated  in  east  Texas  is 
from  9  to  34  days,  averaging  19.  with  maximum  receptivity  lasting 
only  2  to  18  days,  averaging  7.  depending  on  the  weather.  Cool 
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weather  just  prior  to  or  during-  flower  opening  or  cone  maturity 
retards  those  processes.  Female  flowers  may  be  delayed  longer  than 
the  male,  resulting-  in  a  scarcity  of  pollen  by  the  time  the  flowers 
become  receptive.  Rather  wide  variation  has  been  observed  between 
trees  and  within  trees,  adjacent  buds  existing  in  all  stages  simul- 
taneously, with  few  in  the  receptive  stage  at  any  one  time. 

Cones 

Loblolly  pine  cones  (plate  4)  are  from  2  to  6  inches  long,  averag- 
ing 3%  inches.  They  resemble  slash  pine  cones,  are  larger  than 
those  of  pitch.  Virginia,  pond,  or  shortleaf  pine,  and  smaller  than 
longieaf  pine  cones.  Variation  in  size,  shape,  and  other  character- 
istics, however,  within  a  species  may  exceed  the  typical  differences 
between  species.  Loblolly  pine  cones  are  sessile  and  often  spiney; 
they  yield  winged  ^-ineh  seeds  that  are  sometimes  spotted  or  mottled, 
but  usually  solid  brown  or  nearly  black.  The  size  and  color  varies 
greatly  from  tree  to  tree. 

The  usual  period  of  cone  ripening  covers  late  September  and 
early  October  in  southern  coastal  areas.  Farther  north  and  on  the 
Piedmont  Plateau  cones  ripen  slightly  later.  Seedfall  reaches  a 
peak  in  the  last  half  of  October  or  the  first  half  of  November  de- 
pending on  weather  conditions,  and  seedfall  is  usually  85  percent 
complete  by  the  end  of  December.  The  rest  of  the  seeds  come  down 
gradually  in  winter  and  spring.  Differences  in  cone  ripening,  similar 
to  those  in  flower  development,  extend  the  period  of  seedfall. 

Yields  vary  widely  by  locality  and  year.  A  region-wide  cone- 
crop  reporting  service  similar  to  the  one  pioneered  for  the  South 
by  AVakeley  (1931-41)  is  most  useful  in  planning  for  seed  collection, 
but  some  of  the  observation  techniques  developed  in  such  effort  can 
be  used  locally  in  the  timing  of  site  preparations  for  natural  re- 
generation. 

The  number  of  cones  on  standing  loblolly  pine  trees  can  be 
estimated  with  reasonable  accuracy  from  observations  made  in  a 
uniform  manner  with  binoculars  and  corrected  by  some  exact  counts. 
Most  unreleased  trees  bear  less  than  100  cones  or  less  than  500  when 
released,  but  large  open-grown  trees  can  produce  1,500  cones  each. 
There  is  about  a  month  in  the  spring  when  conelets.  standing  out  at 
the  tips  of  twigs,  can  be  easily  observed  and  counted  from  the 
ground.  Later  in  the  spring  when  the  immature  cones  are  obscured 
by  new  growth  and  long  needles,  it  is  nearly  impossible  to  identify 
them  at  a  distance.  Then  counts  must  cease  until  the  second  summer 
when  the  enlarged  new  cones  come  into  view  and  can  be  distinguished 
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Plate  4. — Three  age  classes  of   loblolly  pine   cones   as  they  appear  in  May. 


(U.S.F.S.  Photo  476644.) 

from  persistent  old  eones.  The  new  ones,  not  yet  open,  differ  in 
color  and  are  farther  out  on  the  twigs.  Defective  cones  may  turn 
brown  early  but  tend  to  remain  closed. 

Counts  on  standing  trees  by  ground  observers  are  always  low. 
They  often  need  to  be  doubled  or  tripled  and  should  always  be 
adjusted  by  a  predetermined  correction  factor  (Wenger  1953b). 
In  one  instance  estimates  of  yields  from  a  25-year-old  stand  were  90 
percent  correct  after  multiplying  the  counts  by  1.4  in  the  closed 
parts  and  by  1.5  where  the  crowns  had  been  released  (Bilan  1957  . 
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AVhere  few  cones  are  lost  to  parasites  a  relatively  accurate  estimate 
of  a  seed  crop  can  be  had  6  months  in  advance,  but  the  estimates 
made  np  to  a  year  in  advance  are  more  advantageous  to  users  of  the 
seed    Trousdell  1950al). 

A  method  of  cone  ratios  derived  from  sampling  felled  trees  has 
proved  dependable  for  at  least  a  6-month_f oreeast :  the  prediction 
is  made  by  counting  cones  on  a  3-foot  section  taken  from  the  tops  of 
-50  cone-bearing  trees.  There  are  three  conditions  of  cones  on  each 
tree:  old  empty  cones  that  have  shed  seed  the  previous  year,  sound 
green  cones  that  will  produce  the  current  crop,  and  small  immature 
conelets  that  will  not  ripen  till  the  following  year.  Because  cone- 
lets  are  relatively  abundant  in  the  3-foot  top  section  and  some  loss 
is  expected,  experience  has  led  to  the  use  of  a  15  percent  reduction 
Jagtor.  Then  a  cone  ratio  for  the  current  crop  is  obtained  by  di- 
viding an  estimate  of  the  number  that  will  ripen  this  autumn.  Le.. 
55  percent  of  the  sample,  by  the  number  that  shed  seed  the  previous 
year.  The  divisor  consists  of  a  count  of  old  cones  found  plus  the 
missing  ones  indicated  by  stubs.  The  quotient  shows  the  relative 
sizes  of  crops  for  the  two  years.  A  ratio  greater  than  1.0  indicates 
an  increase  in  seed  production.  This  technique  used  as  much  as 
12  months  in  advance  of  seedfall  has  proved  reliable  in  eastern  Vir- 
ginia and  Xorth  Carolina,  but  forecasts  for  a  longer  period  are  un- 
reliable because  an  undetermined  number  of  immature  conelets  do 
not  complete  their  development  (  Trousdell  1950a). 
Seed  production 

Y>c  bro-^i  izii  rls:-k  s~5s  s.Tr  ::rzif  singly  ;-r  In  r-alrs  at 

the  bases  of  the  cone  scales,  and  the  inch-long  wings  facilitate  their 
distribution  by  wind.   A  cone  of  average  size  contains  10  to  50  full 

bushels  of  cones  and  perhaps  10  thousand  seeds,  but  the  average 
mature  tree  yields  only  9  to  15  thousand  seeds  in  a  good  year.  Seed- 
fell  typical  of  the  Coastal  Plain  may  be  approximated  in  thousands 
of  seeds  per  acre  as  follows:  18  to  37  (Le..  1  or  2  pounds)  during  an 
average  year?  or  260  about  11  pounds  i)  in  a  *  'bumper"  year 
MeCulley  1953e }. 

Loblolly  pine  sometimes  produces  good  seed  crops  every  2  to  4 
years  -Jemison  and  Korstian  1911  but  often  at  intervals  of  3  to 
10  years.  In  Virginia  one  average  and  five  good  seed  crops  were 
observed  (Pomeroy  1919b)  in  a  13-year  period,  the  longest  time 
between  good  crops  being  1  years.  The  phenomena  that  cause  poor 
seed  years  include  not  only  pollination  failure  in  wet  weather  and 
injury  to  flowers  by  frost,  but  also  damage  to  cones  by  insects  and 
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disease.  In  Texas  a  good  seed  year  is  expected  to  alternate  with 
three  failures.  A  larger  percentage  of  cones  is  destroyed  by  insects 
on  good  than  on  poor  sites.  Because  some  cones  are  available  for 
infestation  even  in  the  poorest  seed  years  on  the  better  sites,  the 
insect  population  there  seems  to  be  maintained  at  a  higher  level  than 
on  poor  sites  which  are  without  cones  in  poor  years  (Knight  1951). 
Wenger  (1958  )  observed  that  the  size  of  a  seed  crop  is  positively 
correlated  with  May  to  July  rainfall  of  2  years  earlier  and  negatively 
correlated  with  the  size  of  the  seed  crop  2  years  earlier. 

When  seed  supplies  are  plentiful  they  are  often  of  better  quality 
also.  A  record  for  one  stand  showed  that  about  half  the  seeds  were 
empty  when  a  total  of  200.000  per  acre  were  produced,  whereas 
only  a  quarter  of  the  seeds  were  empty  when  the  stand  produced  an 
exceptional  crop  of  500.000  seeds  per  acre.  Furthermore  the  loss 
of  seed  to  insects  is  proportionately  much  heavier  in  a  poor  than  a 
good  year. 

Loblolly  pine  seed  yields  are  heavier  and  more  consistent  near  the 
coast  than  in  the  more  extensive  inland  portion  of  its  range.  Off 
years  tend  to  be  complete  failures  and  good  years  less  frequent  at 
inland  locations.  Three  to  five  times  as  much  seed  is  produced  in 
the  Coastal  Plain  as  from  similar  trees  in  the  Piedmont  (Brender 
1958).  Cones  are  produced  on  a  few  pines  over  6  inches  in  d.b.h. 
by  the  12th  to  18th  year.  Open-grown  trees  begin  to  bear  at  20 
years  but  under  forest  conditions  cones  cannot  generally  be  expected 
before  the  trees  are  10  inches  in  d.b.h.  and  25  years  old.  Cones  are 
not  borne  in  appreciable  quantities  within  unthinned  stands  before 
the  30th  to  50th  year  or  until  the  canopy  is  opened  by  mortality. 
Seed  producing  capacity  lasts  at  least  150  years  and  is  probably  life- 
long. The  yield  of  individuals  varies  widely  but  the  average  mounts 
steadily  with  increasing  diameter  of  the  trees  (Grano  1957b).  This 
trend  (Barrett  1940)  is  as  follows  in  open  stands: 

Seeds  per  tree 

In  better  than  average 
D.b.h.  Average  annual  years 

( inches)  (number )  (number) 

6   0  0 

7   100  200 

8   220  380 

9   490  650 

20    880  1.100 

11   2,140  3.450 

12   3,800  6,050 

!3    5.700  8.700 

!4   7.900  11.400 

!5   10,500  14.300 

lo   13,300  17.100 
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An  8-year  record  of  animal  per-acre  yields  of  seed  from  another 
stand,  as  recorded  at  the  Big  AVoods  Experimental  Forest,  is  as 
f  ollows  : 

Seeds  per  acre — - 


At  95  years  At  11±5  years 

Year  (thousands)  (thousands) 

1947   830  600 

1948   140  100 

1949   120  65 

1950   345  325 

1951   545  390 

1952   260  330 

1953   105  140 

1954   145  160 


Observations  on  the  Santee  Experimental  Forest  near  Charleston, 
S.  C,  indicate  near  maximum  yields  of  viable  seed  per  acre  from 
50-year-old  stands  as  follows :  In  poor  years  less  than  100  M  re- 
gardless of  cutting,  in  average  years  less  than  200  M  on  uncut  areas 
and  more  than  300  M  on  partially  cut  areas,  and  in  11  bumper' ' 
years  less  than  400  M  on  uncut  areas,  and  more  than  600  on  partially 
cut  areas.    Rarely  are  a  million  seeds  per  acre  produced. 

Seed  requirements 

There  is  a  wide  spread  between  the  number  of  seeds  laid  down 
by  trees  and  the  number  of  seedlings  resulting  therefrom.  Among 
the  reasons  for  this  are  (1)  nonviability  of  some  seeds,  (2)  failure 
to  fall  where  establishment  is  possible,  (3)  consumption  by  birds 
or  rodents,  and  (4)  early  mortality  after  germination. 

Germinative  capacity  ranging  from  11  to  76  and  averaging  60 
percent  (U.S.F.S.  1948a)  is  known  to  be  associated  with  time  of 
ripening  and  level  of  seed  yields.  When  annual  production  is  high 
in  the  Duke  Forest,  viability  is  high,  but  seed  released  early  or  late 
is  relatively  unsound.  The  highest  viability  is  found  in  good  seed 
years  and  in  the  seeds  that  drop  at  the  peak  of  the  seedfall  (Jemi- 
son  and  Korstian  1944).  The  inferiority  of  seeds  that  fall  later  may 
be  traced  to  underdevelopment  associated  with  their  origin  on  the 
atypical  scales  at  the  ends  of  the  cones.  The  steady  decline  in  via- 
bility is  due,  in  part  however,  to  deterioration  of  seed  in  which 
insects  are  sometimes  the  cause.  After  the  initial  heavy  seedfall, 
release  may  come  more  and  more  from  inferior  cones  that  are  slow 
to  open.  Few  seeds  remain  viable  in  the  forest  floor  through  the 
second  winter  after  they  mature. 
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Seedling-  mortality  varies  widely.  In  one  instance  where  some 
281,000  seeds  per  acre  fell  in  a  Piedmont  clearing-  beside  a  70-year- 
old  stand  there  were  only  900  seedlings  present  2  years  later — one 
for  each  312  seeds  (Barrett  1940).  From  this  it  would  appear  that 
200  to  300  thousand  seeds  per  acre,  in  the  absence  of  site  prepara- 
tion, are  needed  to  get  1,000  seedlings.  Elsewhere  success  has  fol- 
lowed the  fall  of  only  a  quarter  as  much  seed.  In  fact  with  a  favor- 
able seedbed  in  the  first  year  a  mere  20  to  37  thousand  seeds  may  be 
sufficient  according  to  an  intensive  study  (  Tronsdell  1950a).  Wakeley 
(1917b)  reports  fair  to  good  results  from  a  crop  of  800  to  1.500  cones 
per  acre. 

Regeneration  difficulties  that  increase  with  elapsed  time  present 
a  real  problem.  Theoretically  four  medium  or  ten  poor  seed  years 
may  be  equivalent  to  one  good  year,  but  this  theory  breaks  down 
in  practice  for  two  reasons:  (1)  birds  or  rodents  eat  nearly  all  the 
good  seeds  in  poor  years,  and  (2)  extension  of  the  regeneration  pe- 
riod gives  minor  vegetation  and  hardwoods  sprouting  on  moist  sites 
too  much  opportunity  to  recapture  the  land.  Grass  and  weeds  on 
the  drier  Piedmont  sites  are  no  obstacle.  Much  depends  upon  the 
character  and  age  (i.e.,  time  since  logging)  of  the  natural  seedbed. 
This  is  apparent  in  estimates  of  seed  requirements  in  the  Coastal 
Plain  made  by  Tronsdell  (1950b).  On  the  undisturbed  portions  of 
a  good  first-year  seedbed  he  found  that  only  a  pound  or  two  of  seeds, 
say  25,000,  were  needed  per  acre,  but  if  the  seedbed  was  poorer  twice 
as  much,  or  if  older,  perhaps  5  to  7  times  as  much  seed  was  needed : 

Seed  requirements 

Seedbed  M  seeds  Pounds 

Undisturbed  by  logging   50  2-3 

Two  years  after  logging   250-350  10-20 

Thus,  in  the  absence  of  seedbed  preparation,  it  is  obvious  that  be- 
cause of  the  class  of  timber  or  an  inferior  cone  crop,  years  are  com- 
mon in  which  four,  six  or  eight  seed  trees  will  not  supply  enough 
seed,  and  even  entire  stands  just  reaching  sawtimber  size  will  often 
fail  to  do  so.  Occasionally,  perhaps  once  in  10  years,  a  well-managed 
stand  may  produce  an  enormous  crop  of  over  a  million  seeds  per 
acre — more  than  enough  to  feed  all  the  predators  and  reproduce  the 
pine  forest  too.  This  occurred  in  the  Santee  Experimental  Forest 
after  three  thinnings  had  thoroughly  released  the  seed  trees  (Lotti 
1956c).  Obviously  it  is  futile  to  specify  numbers  of  seed  trees  needed 
without  any  reference  to  other  conditions  (table  38,  chapter  8.  Man- 
agement of  Mature  Timber). 
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Much  less  seed  is  needed  to  regenerate  pine  on  seedbeds  prepared 
by  partial  exposure  of  mineral  soil.  This  may  be  done  in  logging, 
particularly  if,  where  necessary,  the  surface  is  prescribed-burned, 
or  disked,  or  both.  Such  prescriptions  are  most  effective  when  prop- 
erly timed  to  take  advantage  of  natural  seedfall,  for  improved 
seedbeds  deteriorate  rapidly.  In  the  Bigwoods  Experimental  Forest 
near  Franklin,  Va.,  the  first  year  after  cutting  the  catch  was  1  out 
of  9,  i.e.,  nine  seeds  fell  for  each  one  that  grew  where  the  litter  had 
been  disturbed,  but  over  40  were  required  per  seedling  elsewhere. 
Where  both  litter  and  slashings  had  been  removed  by  burning,  15 
seeds  fell  for  each  seedling  obtained.  Trousdell  (1954a  and  1954c), 
studying  seedling  establishment  from  a  given  quantity  of  seed,  found 
that  the  average  numbers  of  seeds  necessary  to  produce  one  seedling 
in  four  successive  years  were  14,  50,  162,  and  212.  This  rate  of 
seedbed  deterioration,  indicated  by  progressive  increases  in  the  num- 
bers of  sound  seeds  needed  to  produce  a  single  seedling,  differs 
somewhat  with  the  manner  in  which  the  site  was  prepared  (Trous- 
dell 1954a)  : 

Seeds  per  seedling  when  time  since  treat- 
ment is — 

Site  preparation  1  year  2  years  3  years 

(  number )        (  number  )        (  number  ) 

Disk  and  log   7  37  187 

Log  and  burn   15  69  211 

Log  only   22  63  81 

Because  the  improvements  induced  by  either  harvest  or  cultural 
treatment  tend  to  disappear  in  3  years,  pine  regeneration  promptly 
attained  is  most  complete  and  satisfactory. 

NATURAL  SEEDING 

In  many  places  timber  can  be  harvested  in  a  manner  that  per- 
mits the  loblolly  pine  forest  to  reseed  itself  naturally  without  any 
costly  special  measures. 

In  uneven-aged  management  natural  reseeding  in  small  irregular 
openings  usually  extends  over  many  unfavorable  and  favorable  years. 
Usually  no  artificial  methods  are  undertaken  and  no  heavy  invest- 
ment is  made  in  measures  for  natural  reproduction.  Where  rotations 
are  short,  and  where  planting  or  direct  seeding  operations  have 
proved  to  be  outstandingly  successful,  it  may  be  advisable  under 
even-aged  management  also  to  avoid  any  heavy  investment  in  natural 
reproduction. 

In  even-aged  management  effective  natural  regeneration  is  de- 
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Figure  29. — Effect  of  stand  per  acre  on  fruitfulness  of  loblolly  pine  in  Queens- 
land, Australia:  A,  Male  flowers  per  acre;  B,  male  flowers  per  tree;  and  C, 
cones  per  tree  (Florence  and  Mc William  1956). 

pendent  on  a  seed  source,  adequate  for  the  expected  seedbed  condi- 
tion, either  from  adjacent  seed  trees  or  from  trees  reserved  on  the 
cutover  area.  Seed  source  can  vary  from  as  few  as  3  seed  trees  per 
acre  to  a  possible  maximum  of  40  trees  in  shelterwood  cutting; 
maximum  production  requires  a  preparatory  cutting  to  release  15 
to  30  trees  per  acre  to  produce  seed,  time  for  them  to  respond  in  cone 
production,  and  finally  enough  other  trees  remaining  to  provide  an 
operable  final  cut  that  will  prepare  the  site  for  seedfall.  Thus  to 
induce  well-stocked  and  previously  unmanaged  stands  to  reseed 
themselves  at  least  two  preparatory  cuttings  are  needed.  The  first  is 
to  stimulate  reserved  pines  to  produce  seed;  the  second  is  to  scarify 
the  forest  floor  to  receive  it.  However,  in  less  dense  or  managed 
stands  one  seed  cutting  may  suffice  because  the  trees  are  free  from 
crowding.  A  previous  series  of  intermediate  cuttings  will  have  pre- 
pared, for  seed  production,  crop  trees  chosen  for  apparently  good 
genetic  qualities.  Before  these  are  marked  as  seed  trees  they  merit 
close  attention— individually  to  evaluate  productive  capacity  and 
collectively  to  synchronize  site  preparation  and  seedfall.  Seed 
cuttings  are  helpful,  often  adequate  in  preparing  a  site.  The  manner 
in  which  seed  trees  are  selected,  released,  and  removed  is  vital  to  suc- 
cess. 


158 


LOBLOLLY  PINE 


Selection  of  seed  trees 

Seed  trees  should  be  chosen  from  healthy  12-inch  or  larger  pines 
with  dominant  or  codominant  crowns,  well-formed  stems,  and  an 
abundance  of  old  cones  indicating  past  fruitfulness.  Although  seed- 
bearing  trees  do  not  always  yield  their  best  crops  in  the  same  year, 
their  individual  capacity  to  produce  can  be  fairly  well  estimated  at 
any  time  (Grano  1957b).  This  is  because  all  cones  maturing  in  the 
current  season  plus  most  of  the  cones  that  matured  in  the  past  two 
seasons  may  be  in  the  crown  at  the  same  time  and  remnants  of  the 
rest  may  be  seen  on  the  ground  below. 

In  estimating  prospective  seed  supplies  it  may  be  advisable  to 
make  some  allowance  for  defective  cones  which  are  more  abundant 
in  poor  seed  years.  For  example  in  southeastern  Virginia,  the  per- 
centage of  defective  cones  was  greater  on  trees  with  small  crops  than 
on  trees  with  large  crops,  and  percentages  defective  were  consistently 
high  or  low  in  individual  trees  from  year  to  year  (Wenger  and  Trous- 
dell  1958)  : 

Proportion  of  currently  defective 
Total  current  yield  cones 
(cones)  (percent) 

100   26 

300   21 

500   16 

700   11 

900   5 

Another  and  more  controllable  influence  on  seed  yields  is  stand 
density.  As  stands  mature  and  are  thinned,  either  naturally  or  in 
cultural  operations,  the  yield  of  seeds  per  acre  increases  only  up  to 
a  certain  point.  If  the  stand  is  thinned  further  to  less  than  100 
trees,  inflorescence  per  acre  is  reduced  (fig.  29,  A).  Meanwhile,  how- 
ever, the  fruitfulness  of  individual  trees  continues  to  increase  (fig. 
29,  B  and  C)  indicating  no  serious  shortage  of  pollen.  Unless  all 
harvest  is  deferred  until  after  seedfall,  to  take  advantage  of  pro- 
duction from  all  available  seed  bearers,  trees  enough  should  be 
reserved  to  furnish  an  ample  supply  per  acre  at  an  early  date.  An 
adequate  supply  of  seed  means  reserving  more  trees  in  tha  Pied- 
mont than  in  the  Coastal  Plain.  For  example,  the  yield  of  sound 
seeds  per  acre  in  the  Santee  Experimental  Forest  in  the  Coastal 
Plain  (fig.  30)  was,  in  the  same  period,  3  to  10  times  as  abundant 
as  that  in  the  Hitchiti  Experimental  Forest  in  the  Piedmont  (table 
15).  The  seed  yields  in  figure  30  represent  stand  conditions  typical 
of  a  managed  forest.  In  nearby  unmanaged  stands  the  yield  of  seed 
in  the  period  1952-55  was  only  65  percent  as  great.    In  either  region 
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Figure  30. — Seedfall  on  the  Santee  Experimental  Forest  near  Charleston,  S.  C: 
A,  Annual  variation  in  yield  from  a  stand  of  small  sawtimber;  B,  10-year 
average  distribution  of  annual  seedfall  from  the  same  stand  cumulated  by 
month  (Lotti  1956c). 

the  number  of  trees  left  should  be  sufficient  to  comprise  an  operable 
cut  when  they  have  served  their  purpose.  The  problem  of  providing 
an  adequate  seed  source  is  discussed  further  under  silvicultural 
harvesting  procedures. 

Seed  tree  release*4 

Preparatory  cutting  to  release  seed  trees  from  adjacent  competi- 
tion is  certain  in  due  time  to  increase  cone  production  substantially. 

44  Fertilizing  young  trees  to  increase  cone  production  is  so  far  too  expensive 
for  forest  operations  with  the  exception  of  seed  orchards,  but  ^-inch  partial 
girdles  for  this  purpose  may  be  stimulating  (Lotti  and  McCulley  1951).  Usually, 
however,  girdling  and  strangulation  are  less  effective  in  stimulating  seed  pro- 
duction in  pulpwood-size  loblolly  pine  trees  than  is  full  crown  release.  When 
used  as  a  supplement  to  crown  release,  girdling  and  strangulation  are  likely  to 
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Table  15. — Production  of  sound  seed  per  acre  by  loblolly  pine  in  the  Pied- 
mont on  two  uncut  and  two  partially  cut  groups  of  compartments, 
Hitchiti  Experimental  Forest,  Georgia 


Mature 

Immature 

Shelter- 

Year 

well -stocked 

open-grown 

Seed  tree1 

wood1 

1  thousands 

1  housands 

1  thousands 

mi- 
Thousands 

1947  

24 

30 

7 

74- 

1948  

8 

7 

12 

10 

1949  

3 

1 

2 

2 

1950  

3 

2 

3 

0 

1951  

11 

1    '  , 

13 

45 

1952  

139 

80 

73 

304 

1953  

2 

9 

-.  7 

1954  

2 

0 

6 

13 

1955  

214 

130 

184 

445 

1956  

2 

0 

1  _ 

9 

Total 

406 

253 

310 

909 

Percent 

Percent 

Percent 

Percent 

Relation  to  mature  well-stocked.  . 

100 

62 

76 

224 

1  Production  three  growing  seasons  after  cutting. 

Enough  salable  wood  can  be  removed  to  pay  for  a  seed  cutting.  Such 
liberation  has  doubled  production  on  trees  of  cone-bearing  size  on 
the  Coastal  Plain  in  a  generally  poor  seed  year.  In  such  years  seed 
cuttings  have  failed  in  the  Piedmont  possibly  because  of  frost  dam- 
age. Disengaging  the  crowns  of  trees  that  previously  produced  only 
light  crops  may  be  helpful  at  interior  locations  in  medium  or  good 
seed  years.  In  one  instance  full  crown  release  increased  cone  pro- 
duction sevenfold  in  the  third  year  (Bilan  1957).  In  the  coastal 
areas  the  release  of  seed  trees,  even  including  overmature  trees,  has 
caused  10  to  20  times  normal  seed  production  (Pomeroy  1949b, 
McCulley  1953e,  and  Wenger  1954). 

Because  following  release  in  winter  or  spring  more  than  2  years 
are  required  for  cones  to  mature,  the  first  two  cone  crops  succeeding 
the  release  cutting  will  show  no  response.  Stands  partly  cut  during 
the  growing  season  show  the  effect  of  release  in  the  third  or  fourth 
crop  after  cutting,  depending  on  whether  release  came  early  or  late 
in  midsummer  (fig.  31).  It  is  safe  to  count  on  an  increase  in  the 
third  succeeding  cone  crop  if  the  trees  are  released  before  the  end  of 
May  (fig.  32). 

In  pulpwood  stands  seed  production  is  less  than  in  older  timber 
because  of  the  immaturity  of  the  trees.  In  understocked  stands  this 
handicap  of  immaturity  does  not  last  long,  for  the  crowns  are  rela- 

do  more  harm  than  good;  their  beneficial  effect  on  seed  production  is  negligible, 
and  the  risk  of  losing  the  trees  to  storm  breakage,  insects,  or  root  starvation  is 
very  high  (Bilan  1957). 
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Figure  31. — Relation  of  seasonal  timing  of  a  seed  cutting  to  formation  of  seed 
needed  for  regeneration  of  loblolly  pine  (McCulley  1953b). 

tively  large  and  development  rapid.  Hardwood  competition,  however, 
is  likely  to  be  more  advanced  in  understocked  stands  at  the  time  of 
cutting,  thus  reducing  the  chances  for  good  regeneration.  In  well- 
stocked  pulpwood  stands  brush  competition  is  not  serious  at  first, 
but  seed  production  after  release  is  impeded  by  small  crowns  as 
well  as  by  immaturity.  Then,  in  spite  of  ample  initial  space  on  the 
forest  floor,  extended  delay  in  seeding  permits  hardwood  develop- 
ment ;  hence  on  moist  sites  it  may  become  serious  and  indicate  a  need 
to  use  fire.  Rotations  that  are  too  short  invite  regeneration  diffi- 
culties (Pomerening  1951). 

In  the  liberation  of  seed  trees  it  now  appears  that  to  attain  full 
crown  release  it  is  sufficient  to  cut  enough  competitors  so  there  is 
a  6-  to  10-foot  space  for  crown  expansion  on  all  sides  (McCulley 
1953b  and  1953e),  but  more  study  of  space  requirements  is  needed. 
It  is  especially  important  in  short-rotation  management  for  owners 
of  small  tracts  to  release  their  crowded  seed  trees  if  heavy  machinery 
is  not  available  to  destroy  hardwood  regeneration.  The  extra  seed 
thus  obtained  at  low  cost  when  needed  is  often  sufficient  to  get  an 
adequate  stand  of  pine  seedlings  started  ahead  of  the  hardwoods 
(McCulley  1951). 

Ordinarily  on  the  Coastal  Plain,  pines  released  for  seeding  should 
not  be  less  than  4  nor  more  than  12  per  acre  depending  on  size 
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Figure  32. — By  release  of  selected  trees  from  crowding,  the  yield  of  cones  is 
increased  appreciably  for  the  larger  trees  in  years  of  generally  good  pro- 
duction. In  this  instance  all  stems  within  20  feet  of  trees  designated  for 
release  were  cut  in  the  winter  of  1946-47  in  stands  27  to  43  years  old  in 
Virginia  (Wenger  and  Trousdell  1958). 

(Wenger  1954).  Fewer  trees  lead  to  a  shortage  of  seed,  whereas  the 
release  of  more  seed  trees  may  prematurely  remove  so  many  pine  com- 
petitors that  the  understory  hardwoods  may  be  stimulated  to  take 
over  the  site  prior  to  the  time  of  final  harvest,  thus  making  it  more 
difficult  to  dispose  of  them  at  that  time.  This  danger  of  complica- 
tions from  the  release  of  too  many  seed  trees  applies  only  to  the 
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more  moist  one-third  of  the  lower  Piedmont  area.  There,  the  drier 
sites  readily  reproduced  to  pine. 

Seed  production  on  the  higher  level  induced  by  release  is  ex- 
pected to  last  at  least  5  years  (Easley  1954).  How  much  longer  it 
can  persist — possibly  10  years — has  not  been  determined,  but 
Wenger  (1953c)  reports  there  is  at  least  3  years'  leeway  in  the  time 
during  which  harvest  cutting  must  be  done  in  order  to  benefit  from 
an  increased  supply  of  seed  on  a  seedbed  refreshed  by  logging. 
Under  both  even-aged  and  the  selection  type  of  management  fre- 
quent cyclic  cuts  may  be  expected  to  maintain  a  high  level  of  seed 
production  even  in  stands  not  scheduled  for  early  regeneration. 

Seed  dissemination 

The  effective  seeding  distance  of  loblolly  pine  seed  trees  is  rather 
short.  Most  seeds  fall  within  a  distance  of  150  to  200  feet  from  the 
parent  trees,  sometimes  reaching  330  feet  (McQuilkin  1939,  Pomeroy 
and  Korstian  1949).  It  is  exceptional  when  thickets  of  loblolly  pine 
are  discovered  100  yards  from  the  nearest  known  source  of  seed. 
Infertile  seeds,  usually  lighter,  may  possibly  be  windborne  from 
greater  distances,  although  there  is  evidence  that  this  is  not  true 
(Jemison  and  Korstian  1944).  Old  fields  in  the  Piedmont  area  are 
best  reseeded  naturally  when  the  whole  area  is  within  300  feet  of 
an  unbroken  source  along  the  windward  side  of  the  field  (McQuilkin 
1939). 

The  period  of  seedfall  is  hastened,  and  sometimes  shortened,  by 
dry,  warm,  windy  autumn  weather,  or  retarded  and  extended  by 
damp,  cool,  calm  days.  Occasionally,  as  a  result  of  such  delay,  some 
seeds  continue  to  fall  until  spring  but  not  enough  for  good  regenera- 
tion. Seasonal  distribution  of  seedfall  in  the  Atlantic  states,  how- 
ever, normally  peaks  in  mid-November,  is  about  two-thirds  complete 
by  the  first  of  December,  and  at  least  90  percent  complete  by  mid- 
January.  A  few  loblolly  pine  seeds  may  not  fall  until  summer,  but 
a  smaller  proportion  of  these  are  good  seeds  (Jemison  and  Korstian 
1944)  : 

Time  since  be-  Time  since  be- 

ginning of  seed-      Viability  of     ginning  of  seed-      Viability  of 
fall  seeds  fall  seeds 

(  weeks)  ( percent)  (  weeks  )  (-percent ) 

2...   56  12   43 

4   60         14   40 

6   57         16   36 

8   53         20   34 

10   48         24   33 


164 


LOBLOLLY  PINE 


Siggins  (1933)  studied  the  association  of  seed  weight  and  quality 
with  rate  of  fall.  He  found  that  the  average  good  loblolly  pine  seed 
fell  160  feet  in  0.6567  minute,  244  feet  in  1  minute,  or  4.1  feet  in 
1  second.  Another  study45  related  height  of  cone  with  the  distance 
traveled  by  seed  as  follows: 

Distance  (feet)  =  18.184 -f  1.2869  height  (feet) 

When  large  clearings  are  reproduced  to  pine  from  the  side,  varia- 
tions in  dispersal  distance  result  in  conspicuous  marginal  gradations 
in  the  density  of  seedling  stands.  These  usually  thin  out  beginning 
a  chain  or  two  (66  to  132  feet)  from  the  seed  source.  The  stage  of 
succession  in  surrounding  herbaceous  plants  appears  not  to  affect 
the  zonation.  Studying  abandoned  Piedmont  fields  reseeded  in  a 
good  year  from  a  wall  of  standing  pines,  McQuilkin  (1939)  found 
the  seedling  stands  averaged  good,  over  1,000  per  acre,  out  to  5 
chains;  fair,  i.e.,  500  -f ,  to  7  chains;  and  erratic  beyond  that  distance. 
This  gradation  is  typical  of  the  first  3  to  5  years  when  the  majority 
of  seedlings  appear.  In  some  instances  10  or  more  years  may  be 
needed  to  achieve  satisfactory  density. 

Total  production,  time  of  ripening,  and  dispersal  of  loblolly  pine 
seeds,  and  resulting  stands  of  seedlings  are  shown  in  figure  33. 

When  reproduction  is  from  seed  trees  on  the  area,  the  total  sup- 
ply of  seed  is  more  important  than  flight  distance  because  of  the 
heavy  natural  losses  to  be  expected  between  seedfall  and  seedling 
establishment.  To  make  the  most  of  limited  supplies  the  preparation 
of  seedbeds  and  control  of  hardwoods  should  be  scheduled  before 
November  of  the  third  year  following  release  cutting  (Pomeroy 
1949b)   (fig.  31). 

SITE  PREPARATION 

Seedbed  character  and  possibilities  for  improvement 

The  character  of  pineland  seedbeds  depends  mainly  on  (1)  kind 
of  soil,  (2)  previous  use  of  land  and  fire,  (3)  volume  of  timber 
harvested  and  equipment  used  in  its  extraction,  and  (4)  elapsed 
time  since  logging.  The  effect  of  these  factors  is  felt  first  through 
the  uncovering  of  mineral  soil  and  subsequently  through  different 
rates  at  which  the  soil  is  again  covered  by  debris  or  revegetated  by 
competing  species. 

On  heavily  cut  areas  dry -weather  logging  with  crawler  tractors 

45  In  southern  pine  the  similarity  of  dispersal  distances,  regardless  of  differ- 
ences in  size  by  species,  appears  to  be  due  to  the  similarity  of  weight-area  ratios 
in  the  seeds. — Gemmer,  Eugene  W.  The  flight  of  longleaf,  shortleaf,  and  lob- 
lolly pine  seeds  (unpublished  office  report,  1940). 
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Figure  33. — Time  and  place  of  loblolly  pine  seedf all :  A,  Mid-November  peaks 
of  seedfall  during  two  4-year  periods  when  yields  were  insufficient  for  re- 
generation. B,  Average  annual  dispersal  of  sound  seeds  into  a  cleared  strip 
from  adjoining  timber,  Duke  Forest,  Durham,  N.  C.  Figures  on  the  curve 
are  basic  numbers  of  seed  traps  used  (Pomeroy  1949b).  C,  Seedling  stand 
density  varies  with  quality  of  and  distance  from  seed  source  (McQuilkin 
1939). 


disturbs  about  half  of  the  soil  surface,  leaves  a  third  wholly  undis- 
turbed, and  deposits  slashings  on  the  rest.  Such  disturbance,  well 
distributed,  may  lead  to  satisfactory  regeneration.  Where  the  cut 
is  light  and  skidding  is  with  wheel  tractors  or  animals  less  surface 
is  disturbed.    When  fire  is  prescribed  to  follow  such  logging,  about 
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81  percent  of  the  surface  becomes  a  desirable  seedbed.  18  percent 
remains  undisturbed,  and  only  1  percent  is  left  under  slashings 
fPomeroy  and  Trousdell  1948).  Natural  regeneration  is  improved 
to  the  extent  that  freshly  exposed  mineral  soil  is  well  distributed 
oxer  an  area  ((fig.  31).  If  advance  reproduction  is  not  already  pres- 
ent, and  no  burning  is  to  be  done  loggers  should  be  encouraged  to 
use  diverse  skid  trails  to  increase  surface  scarification. 

If  special  measures  are  necessary  to  prepare  sites,  they  are  pre- 
scribed for  one  or  both  of  two  reasons:  (1)  to  increase  effective 
geimination.  and  (2)  to  decrease  injurious  competition.  Over- 
stocking is  seldom  a  problem  in  regenerating  loblolly  pine;  where  it 
occurs  it  usually  disappears  without  corrective  measures.  Seeds  re- 
quire moisture  to  germinate  and  absence  of  obstruction  to  penetrate 
the  soil  Freshly  denuded  mineral  soil  is  usually  superior  in  both 
respects.  Although  later  additional  moisture  and  free  space  may  be 
needed,  the  original  operation  to  expose  mineral  soil  serves  to  in- 
crease both  survival  and  growth. 

Heavy  advance  growth  of  hardwood  must  be  controlled  by  some 
means  everywhere  loblolly  pine  is  to  be  grown.  Herbaceous  com- 
petition is  less  serious  than  the  sprouting  of  well-rooted  broad-leaved 
species.    Among  these  the  most  persistent  individuals  can  be  killed 
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economically  with  an  application  of  2.4.5-T.  Drastic  methods  of 
site  preparation  and  type  conversion,  to  give  natural  succession  the 
needed  setback,  are  graining:  in  favor  in  the  coastal  flatwoods. 

On  the  heavier  soils  of  the  Piedmont  Plateau  the  situation  is 
different.  There  burning  treatments  supplemented  by  mechanical 
scarification  also  have  beeu  successful  in  regenerating  pine;  but  in 
the  Piedmont  both  fire  and  heavy  machinery  have  to  be  used  with 
caution  if  at  all  on  rolling  land  lest  they  accelerate  the  tendency  of 
topsoil  to  move  downhill,  thus  possibly  lowering  loblolly  pine  site 
quality  on  the  sloping  lands  *  Gabriel  1950 ) . 

On  flat  moist  sites  the  risk  of  erosion  is  small  and  fire  is  needed 
less  for  seed  germination  than  for  hardwood  control.  On  poorly 
drained  flatwoods  the  use  of  machinery  for  either  logging  or  specif- 
ically for  site  preparation  should  be  avoided  when  the  soil  is 
saturated.  The  establishment  of  loblolly  pine  seedlings  on  surfaces 
churned  up  by  heavy  equipment  during  logging  in  wet  weather  is 
greatly  inferior  to  that  on  ground  less  severely  disturbed.  The  height 
growth  of  seedlings  in  these  "  puddled"  areas,  at  least  for  the  first 
2  years,  is  less  than  half  of  that  of  seedlings  on  other  surfaces  *  Lotti 
and  McCulley  1951). 

In  the  conversion  of  low.  dense,  hardwood  thickets  to  loblolly  pine 
the  best  combination  of  logging  and  burning,  or  spraying  herbicides, 
with  the  use  of  heavy  mechanical  equipment — tractors,  rollers  with 
brush  cutting  blades,  bulldozers,  disk  harrows,  etc., — is  still  in  an 
experimental  stage.  Forceful  disturbance  of  heavy  clay  soil  in  the 
Piedmont  may  induce  erosion,  but  in  the  southeastern  Coastal  Plain 
many  thousands  of  acres  are  annually  being  so  treated,  while  the 
search  for  better  chemicals  and  improved  machinery  continues.  In 
fact,  foresters  are  still  in  the  process  of  learning  how  best  to  propagate 
a  *  *  fire-subclimax  pine  type  of  forest  with  or  without  recourse  to 
burning. 

Timing  improvements  and  using  fire 

Successful  regeneration  is  dependent  to  a  large  extent  on  ade- 
quate seeding  when  the  seedbed  is  favorable.  Therefore,  timing  of 
improvements  will  often  determine  their  effectiveness. 

Disking  is  most  effective  in  late  summer  before  logging  I  McCulley 
1953e  .  Autumn  seedbed  preparation  mnst  be  done  before  seedf all — 
Lotti  1 1956b )  suggests  before  November  1 — lest  the  treatment  destroy 
or  bury  the  seed  I Chapman  1912b.  Chaiken  and  LeGrande  1949 » . 
Winter  logging  aLso  destroys  some  seed  on  the  ground,  but  this  loss 
is  more  than  made  up  by  the  extra  seed  that  becomes  available  from 
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the  stand  as  a  whole  when  cutting  is  delayed  until  about  January  1_ 
Logging  that  takes  place  after  seed  germination,  however,  can  serious- 
ly reduce  seedling  establishment.  Grazing  animals  should  be  excluded 
during  winter  and  spring  following  seed  fall.  Open  range  cattle 
grazing  at  that  time  can  reduce  germination  of  pine  seeds  almost 
half  Gemmer  1941  .  though  it  has  little  effect  during  the  growing 
season.  Seedbed  preparation  may  be  futile  in  the  Piedmont  in  years 
of  light  seedfall:  areas  with  heavy  underbrush  should  be  cut  over 
in  years  of  heavy  seedfall.  Preparatory  or  partial  seed  cuttings 
can  anticipate  and  increase  the  seedfall.  Some  landowners  plan  for 
final  harvests  of  timber  only  when  a  heavy  crop  of  seed  is  in  prospect, 
but  because  industry  needs  a  continuous  flow  of  wood,  not  all  cutting 
can  be  scheduled  for  good  years.  TVhenever  the  adequacy  of  either 
seedbed  or  seed  supply  is  questionable  it  is  a  good  policy  to  improve 
both. 

Controlled  burning,  as  well  as  measures  other  than  logging  pre- 
scribed for  site  preparation,  may  not  be  essential  when  brush  com- 
petition is  light  and  seed  is  plentiful.  But  these  techniques  become 
more  necessary  as  the  supply  of  seed  is  reduced — up  to  the  point 
where  seed  is  indeed  limiting,  and  little  or  none  is  available.  Re- 
gardless of  seed  crop,  however,  supplementary  measures  are  used 
under  intensive  practice  to  insure  well-stocked  reproduction  of  pine 
in  pure  stands. 

Preparatory  burning  must  not  only  be  in  season,  but  also  timely 
in  relation  to  weather  and  cutting  operations.  Weather  markedly 
influences  the  handling  of  fire — if  not  indeed  its  failure  to  burn  or 
its  possible  escape.  Cuttings  may  supply  too  much  or  too  little  fuel, 
and  seeds  may  be  either  burned  up  or  fail  to  land  on  mineral  soil 
where  they  can  grow.  These  are  reasons  why  fire  even  when  used 
mainly  for  hazard  reduction,  must  above  all  be  timely.  On  areas 
burned  after  seedfall  a  few  seedlings,  but  not  enough  for  a  crop, 
may  be  expected  to  develop  in  unburned  spots  or  from  seeds  that 
fell  later    Chaiken  1952c). 

Proper  planning  of  burning  treatments  involves  an  appraisal  of 
the  fuels  needed  for  the  desired  intensity  of  burning.  Burning  im- 
mediately after  logging  is  hard  on  seed  trees,  expensive,  and  difficult 
to  control.  Areas  that  are  burned  immediately  after  logging  but 
before  subsequent  timber  stand  improvement  operations  may  need 
a  second  burn  Chapman  194S  .  Burning  that  follows  both  these 
cutting  operations  will  have  additional  fuel  and  hence  can  destroy 
larger  hardwood  stems.    Because  it  is  difficult  to  handle  such  fires 
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safely,  mechanical  or  chemical  methods  of  site  preparation  may  be 
preferred  under  these  conditions. 

Summer  or  early  fall  burns  are  most  effective  when  they  cover 
an  area  well.  They  may  be  superior  to  partial  coverage  by  heavy 
machinery  (  Little  and  Mohr  1954  and  1957a  .  but  unfortunately  they 
are  difficult  to  time  and  use  safely.  In  Texas  burning  in  autumn 
either  remains  hazardous  until  it  is  too  late  to  do  it  extensively,  or 
else  it  will  not  cover  the  area  in  need  of  treatment.  Burning  in 
spring  before  seedfall  permits  an  undesirable  regrowth  of  grass  and 
weeds. 

The  extent  to  which  fire  can  be  utilized  to  good  advantage  is 
still  to  be  determined.  Certainly  the  frequency  with  which  it  is 
prescribed  should  vary  with  the  local  possibility  of.  and  need  for. 
burning  either  lightly  or  severely.  Few  winters  are  too  wet  for 
light  burning,  but  benefits  are  temporary  because  winter  fires  kill 
very  few  roots. 

When  a  tract  is  logged  in  a  poor  seed  year,  burning  to  kill  back 
small  hardwood  stems  may  be  advisable,  if  it  is  anticipated  that 
enough  fuel  will  be  available  for  a  repeat  burn  in  the  summer  pre- 
ceeding  the  next  fall  seed  crop.  The  attrition  of  successive  fires  may 
be  needed  in  some  stands.  Summer  fires  are  needed  only  on  areas 
where  early  regeneration  cuts  are  planned.  These  commonly  involve 
the  deliberate  sacrifice  of  some  advance  growth  of  pine  seedlings. 
Such  treatment  is  worthwhile  in  even-aged  management  because  a 
full  crop  a  few  years  later  is  preferable.  This  use  of  fire  has  two 
outstanding  merits.  It  not  only  keeps  many  of  the  understory  hard- 
wood trees  from  becoming  large  and  expensive  to  kill,  but  also 
prevents  the  accumulation  of  a  mass  of  flammable  dead  material  that 
could  destroy  the  whole  stand  in  a  wildfire.  All  too  often  in  the 
past  the  use  of  fire  has  been  too  little  and  too  late.  The  constructive 
use  of  fire  has  been  ignored  or  neglected  so  long  now  that  over 
large  areas  the  more  expensive  mechanical  procedure  is  the  only  way 
by  which  another  crop  of  pine  can  be  started. 

Mechanized  site  preparation 

Where  the  danger  of  soil  erosion  is  slight  and  when  hardwood 
sprouts  have  a  major  role  in  the  deterioration  of  seedbeds,  the  use 
of  heavy  machinery  may  be  advisable  to  kill  them  back.  As  in  trac- 
tor logging  at  least  half  the  soil  surface  should  be  scarified  to  receive 
pine  seeds.  The  improvement  in  seedbeds  achieved  by  burning  or 
from  logging  alone  may  not  be  sufficiently  homogeneous.  Follow- 
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ing  the  typically  variable  effect  of  fire,  machinery  may  be  used  to 
make  regeneration  more  uniform.  "\Yhere  the  competing  stems  are 
less  than  6  inches  in  diameter  a  medium-sized  (40  hp.  or  larger) 
crawler  tractor  pulling  a  heavy  disk  harrow  can  cover  an  acre  per 
hour  of  operation  as  a  donble  purpose  preharvest  treatment.  A  crew 
of  two  men  is  best,  one  to  drive  the  tractor,  the  other  to  scont  ahead 
and  guide  him  around  obstacles.  The  same  measure  may  not  be  so 
effective  after  logging,  because  slash  concentrations  must  be  avoided 
and  stumps  may  hang  up  the  tractor  or  break  disks.  On  small  hold- 
ings or  where  a  heavy  harrow  is  not  available,  soil  may  be  exposed 
and  effectively  loosened  with  a  heavy  drag  to  trail  behind  and  help 
hold  the  disks  in  the  ground.  The  drag  may  be  a  stump  with  the 
roots  attached  or  a  triangular  frame  of  railroad  iron  with  a  few 
10-inch  teeth  welded  to  it.  This  tears  the  root  mat.  keeping  much 
of  it  from  falling  back  into  place  behind  the  disk.  Such  treatment 
can,  like  burning,  expose  mineral  soil  on  80  to  90  percent  of  an 
area. 

Land  completely  occupied  by  sapling  hardwoods  presents  a  prob- 
lem ;  the  felled  stems  may  form  a  mat  over  which  a  light  disk  harrow 
will  roll  without  cutting.  Such  land  needs  double  treatment  with 
machinery  heavy  enough  to  chew  up  the  debris  thoroughly  and  sturdy 
enough  to  withstand  collisions  with  stumps.  YThere  competing  stems 
larger  than  6  inches  are  abundant,  especially  on  areas  where  repro- 
duction has  previously  failed,  bulldozers  may  be  used  to  clear  about 
half  an  acre  an  hour. 

AYhere  a  source  of  pine  seed  is  present  the  hardwoods  are  simply 
pushed  over  and  left.  This  practice  often  leads  to  excellent  regenera- 
tion except  under  piles  of  debris.  When  windrows  of  brush  are 
kept  small  enough  for  the  pine  canopy  to  close  over  them  they  do 
not  waste  growing  space.  A  Louisiana  lumber  company  (Tannehill 
1951)  favors  bulldozing  as  a  method  of  site  preparation  for  both 
natural  reproduction  and  planting.  It  found  that  seedlings  on 
such  areas  resisted  drought  better  than  those  on  adjoining  areas. 
This  treatment  is  normally  fully  justified  by  the  pine  reproduction 
that  follows  because  competition  from  hardwoods  has  been  reduced. 
Further  development  in  mechanized  site  preparation  may  be  expected 
from  numerous  ingenious  tests  now  underway. 

On  land  less  completely  covered  with  hardwoods  a  combination 
of  disking  and  chemical  treatment  is  suggested.  The  disk  would 
prepare  the  soil  and  knock  down  small  hardwoods  while  herbicides 
would  kill  the  larger  ones. 
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Results  of  seeding 

The  methods  of  preparing  sites  suggested  above  have  been  checked 
at  various  points  against  actual  results  of  seeding  (fig.  34).  Un- 
questionably a  high  degree  of  exposure  of  mineral  soil  is  typical 
of  the  best  seedbeds,  but  a  moderate  amount  of  grass  and  litter  does 
not  preclude  good  results  when  the  seedfall  is  heavy.  This  is  espe- 
cially true  when  rainfall  is  plentiful  and  well  distributed.  Many 
seeds  lodge  in  the  ground  cover  until  the  first  rain  loosens  and  dis- 
engages their  wings,  making  them  less  conspicuous  to  birds,  and 
speeding  their  passage  to  mineral  soil  (Wakeley  1931  .  Contact  with 
mineral  soil  is  not  necessary  to  obtain  germination  but  it  makes  it 
2  or  3  t  imes  as  effective  (Gemmer  1939).  Some  seeds  may  sprout 
during  any  period  of  favorable  weather  but  most  of  them  germinate 
in  March  or  April.  Generally,  but  not  always,  germination  is  best 
on  soil  disturbed  by  logging,  intermediate  on  burned  surfaces,  poor 
on  undisturbed  spots,  and  poorest  under  logging  slash  (Pomeroy 
1949a  and  1949d;  Trousdell  1950b;  McCulley  and  Elliott  1952). 

The  inhibiting  effect  of  litter  on  regeneration  increases  with  its 
depth  l  Grano  1949)  : 

Depth  of  litter  Seedling  "catch"  -per  milacre 

finches)  'number ) 

0.5   21 

1-0   13 

1-  5   7 

2-  0   4 

2-5   3 

3.0   2 

3.5  :  1 

Obstruction  apparently  varies  also  with  the  kind  of  litter;  pine 
needles  impede  establishment  less  than  hardwood  leaves.  One  ob- 
servation in  Louisiana  where  loblolly  pine  germinated  30  percent 
on  bare  soil  showed  the  following  percentages  on  littered  areas: 
Pine  litter  15.  grass  or  pine-hardwood  11.  and  hardwood  litter  9 
Clark  1948). 

Litter  on  the  forest  floor  cannot  be  disregarded  as  a  barrier  to 
pine  regeneration  in  most  locations  during  average  years.  This  is 
not  true  of  favorable  locations  when  seedfall  is  heavy.  Grano  (1949) 
reports  results  on  an  area  unburned  for  15  years  and  uncut  twice 
as  long.  Without  benefit  of  any  site  preparation  S  to  10  thousand 
seeds  per  acre  sprouted  through  an  inch  or  two  of  litter  and  sur- 
vived a  summer  drought.46 

46  Unfortunately  in  this  study  no  cone  counts  or  seed-trap  estimates  of  the 
seed  crop  were  made.    At  the  rate  of  29  seeds  per  surviving  seedling  (fig.  82, 
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The  effect  of  aspect  of  the  slope  on  seedling  catch  has  been  noted 
in  the  Hitchiti  Experimental  Forest  on  the  Piedmont  Plateau  in 
Georgia  (Brender  1957b).  There  loblolly  pine  reproduces  best  on 
the  ridgetops  and  on  upper  south  and  west  slopes.  On  steep  north 
and  east  aspects,  and  on  lower  slopes,  advance  hardwood  reproduc- 
tion is  more  likely  to  prevail  to  the  extent  that  both  planting  and 
release  work  may  be  necessary. 

In  regenerating  a  forest  the  area_stocked  by^  jeedlings  is  more 
important  than  their  number  per  acre.  The  area  stocked  is  the 
more  easily  estimated.  It  often  is  expressed  as  the  percentage  of 
area  having  one  or  more  pine  seedlings  per  unit  square,  usually 
0.001  acre.  Ker  (1953),  using  pine  seedling  data  from  southern 
Arkansas,  found  this  relationship : 

No.  of  seedlings  per  acre  =  193.3(1.0416)' 

where  x  is  the  milacre  stocking  percentage.  The  equation  has  been 
found  useful  also  in  the  Coastal  Plain  area  of  Virginia  and  North 
Carolina.47  The  relation  between  seed  supplies,  various  prepared 
seedbeds,  and  the  resulting  seedling  stands  as  observed  on  the  Big- 
woods  Experimental  Forest  near  Franklin,  Va.,  are  shown  in  figure 
34.  Recently  disturbed  mineral  soil  unquestionably  offers  the  best 
seedbed.  For  equal  numbers  of  seedlings,  the  stocking  that  follows 
the  typical  seedbed  irregularity  induced  by  heavy  harvest  tends  to  be 
5  to  10  percent  less  than  that  on  a  uniform  surface. 

A  method  was  devised  by  Trousdell  (1954b)  to  convert  estimates 
from  0.01-acre  plots  to  milacre  stocking.  He  counted  all  pines  up 
to  ten  found  standing  at  least  2  feet  apart  on  each  0.01-acre  sample 
plot.  He  excluded  trees  not  free  to  grow  and  entered  a  decimal 
score  for  each  plot  with  less  than  ten  potential  crop  trees.  On  this 
basis  the  result  was  related  to  the  conventional  stocked-quadrat  pro- 
cedure as  follows: 

Y     1.1057X  —  17 

where  Y  is  the  percentage  of  milacres  stocked  and  X  the  percentage 
of  0.01  acres  scored  as  indicated  above. 

chapter  8,  Management  of  Mature  Timber)  it  would  require  about  261,000  seeds, 
or  14  pounds  per  acre,  to  obtain  9,000  seedlings.  Where  only  1  pound  of  seed 
is  available,  a  stand  of  only  635  seedlings  can  be  expected  without  site  prepara- 
tion. 

47  The  formula  may  not  apply  equally  well  elsewhere.  The  tendency  toward 
grouping  of  seedlings  in  stands  over  half  stocked  varies  with  locality  and  there 
is  considerable  doubt  (Meyer  1955)  that  a  single  regression  not  recognizing 
initial  catch  can  be  used  everywhere. 
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FREEDOM  TO  GROW 

For  intolerant  species  freedom  to  grow  means  freedom  to  survive. 
Limits  on  this  freedom  may  or  may  not  be  serious  for  loblolly  pine 
depending  on  intensity  of  competition  within  stands  and  on  plans 
for  management  of  forests  in  even-  or  uneven-aged  compartments.48 

Precisely  how  well  can  pine  seedlings  develop  in  the  shade  ?  How 
long  can  they  withstand  suppression?  When  release  is  delayed  will 
their  response  be  prompt  and  satisfactory? 

Such  questions  are  not  yet  answered  to  everyone's  satisfaction. 
They  may  be  resolved  somewhat  differently  for  diverse  situations. 
But  a  sound  solution  is  so  vital  to  successful  silviculture  that  the 
matter  of  the  extent  and  permanence  of  seedling  suppression  war- 
rants detailed  consideration  here.  The  problem  is  paramount  be- 
cause a  poor  choice  of  regeneration  procedure  can  necessitate  costly 
planting  in  order  to  sustain  yields  of  timber  and  pulpwood. 

Tolerance  of  crowding 

Shade  tolerance  need  not  be  regarded  strictly  as  the  capacity  of 
a  tree  to  endure  shade.  Rather  it  is  the  capacity  of  a  tree  to  with- 
stand competition  and  continue  to  develop.  Room  to  grow  means 
sufficient  space  for  both  roots  and  tops — moisture  below  the  surface 
and  light  above  it.  Both  are  so  vital  for  seedlings  (Korstian  and 
Coile  1938;  Kramer,  Oosting,  and  Korstian  1952;  Ferrell  1953) 
that  there  is  no  point  in  deducing  which  is  the  more  influential. 
Yearling  seedlings  are  smallest  in  the  forest,  intermediate  at  the 
margin,  and  largest  in  the  open.  At  3  years  the  intolerance  of 
shade  is  clearly  manifest  in  the  size  attained  by  all  parts  above 
ground  (table  5,  p.  60). 

Since  the  shade  tolerance  of  any  species  is  only  partly  inherent, 
and  varies  with  the  quality  of  sites  where  seedlings  start,  local  esti- 
mates of  it  may  well  affect  the  choice  of  treatments.  Relative  shade 
tolerance  of  trees  may  be  judged  in  later  life  by  observing  the 
following  items:  (1)  crown  density,  (2)  branch  foliation  ratio,  (3) 
live-crown  ratio,  (4)  recovery  from  suppression,  (5)  natural  prun- 
ing, (6)  persistence  when  associated  with  competitors  of  equal  size, 

48  Information  given  previously  in  this  chapter  is  supplied  mainly  for  use 
in  obtaining  even-aged  regeneration.  The  present  section  deals  with  the  rela- 
tion of  seedlings  to  an  overwood;  hence  it  applies  mainly  in  working  toward 
all-aged  regeneration.  Some  of  the  studies  reported,  as  for  instance  the  effect 
of  an  adjacent  wall  of  uncut  timber,  apply  in  both  strip  cutting  and  group 
selection.  The  prime  object  of  the  present  chapter,  however,  is  to  clarify 
silvical  relationships  without  reference  to  any  particular  system  of  harvesting. 
Chapter  8  will  show  regeneration  contrasts  under  recognized  systems. 
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(7)  rate  of  height  growth  in  the  open,  and  (8)  degree  of  taper. 
Only  the  first  three  items  lend  themselves  readily  to  numerical 
rating.49 

In  the  spring  a  newly  germinated  pine  seedling  draws  nourish- 
ment first  from  the  supply  stored  in  the  seed,  then  from  that  cur- 
rently elaborated  by  the  relatively  efficient  juvenile  foliage,  and 
hence  is  less  dependent  on  light  than  on  moisture  during  its  first 
year.  Thereafter  light  becomes  more  important.  Loblolly  pine 
seedlings  are  sufficiently  tolerant  of  shade  to  grow  slowly  for  some 
time  in  poor  light,  but  they  often  fail  later  as  a  result  of  their  early 
deficiencies — poor  root  development,  improperly  hardened  tissues, 
and  inability  to  store  enough  reserve  food  supply. 

In  the  presence  of  sufficient  light  low  soil  moisture  retards  growth 
in  hardwoods  more  than  in  pine,  but  conversely  in  the  presence  of 
sufficient  moisture,  low  light  intensity  retards  pine  more  than  hard- 
wood growth.  Both  growth  and  survival  of  loblolly  pine  seedlings 
under  a  forest  canopy  improve  not  only  with  better  illumination 
but  also  with  any  decrease  in  the  hardwood  component  of  the  over- 
story  through  which  the  light  reaches  them  (fig.  35). 

Growing  space  and  seedling  height 

At  any  given  age  beyond  the  first  year  the  height  of  forest-grown 
loblolly  pine  seedlings  is  closely  correlated  with  the  extent  of  over- 
wood  crown  cover  and  its  species  composition.  Seedlings  are  tallest 
where  the  cover  is  sparse  and  its  hardwood  component  minor  (tafek 
16) . 

One  of  the  most  convenient  quantitative  measures  of  the  over- 
wood  that  often  obstructs  pine  regeneration  is  known  as  the  stand 
density  index  or  S.D.I,  (plate  5).  It  represents  the  number  of  trees 
per  acre  which  a  given  stand  will  (or  did)  have  at  the  time  when 
its  trees  average  10  inches  in  d.b.h.50  The  most  meaningful  quali- 
tative measure  of  an  overwood  that  hampers  pine  reproduction  is 
its  species  composition,  i.e.,  the  percentage  of  hardwood  rather  than 

49  University  of  Michigan,  School  of  Natural  Besources,  Xote  4.  1954. 
Loblolly  pine,  adaptable  as  it  is  to  a  vide  range  of  soils,  exhibits  limited 

range  of  tolerance.  It  appears  somewhat  more  tolerant  in  early  life  than  at 
maturity.  However,  this  apparent  decrease  in  tolerance  with  age,  often  noted, 
is  partly  a  result  of  the  increasing  shortage  of  growing  space  for  many  indi- 
viduals unable  to  compete  with  the  leading  few.  Loblolly  pine  appears  to  be 
the  least  tolerant  of  the  several  species  with  which  it  is  usually  associated  (Ashe 
1910). 

50  S.D.I.  (Eeineke  1933)  is  a  product  readily  obtained  from  a  table  of 
factors,  one  for  each  average  diameter  (Mulloy  1943),  multiplied  by  the  number 
of  trees  per  acre  of  all  size  classes  in  the  stand-  (table  78). 
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Figure  35. — Relation  of  species  composition  of  overwood  and  light  reaching 
the  forest  floor  to  the  development  of  5-year-old  loblolly  pine  seedlings  at 
Crossett,  Ark.  In  each  panel  the  upper  curve  is  for  seedlings  under  a 
pure  stand  of  pine,  the  lowest  curve  for  seedlings  under  pure  hardwood. 
Intermediate  curves  are  for  seedlings  in  mixed  forest.  Basal  areas  of  the 
overwood  ranged  from  zero  to  about  150  square  feet  per  acre. 
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Table  16. — Average  height  of  loblolly  pine  seedlings  as  influenced  by  an  over- 
story  in  the  upper  Coastal  Plain  near  Crossett,  Ark.1 

Average  seedling  height  when  overwood  crown  cover 

in  percent  is — 

Composition  of  overwood  and  age  of   
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1  u 

30 

an 

60 

0 

sin 

on 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

pn  rp  Hi  n p  1 

2nd  Year 

0  9 

0.8 

0 

0.7 

0.7 

0 

6 

0 

6 
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2.4 

2.1 

1 

9 

1 

1.5 

1.3 

6th.  vear 

6  8 

6.0 

5 

5 

5.0 

4.4 

3 

9 

3 

.4 

2.9 

2.4 

75  percent  pme : 

2nd  vear  

 8 

.8 

.6 

.6 

5 

4 

.4 

.3 

4th  vear  

  3.0 

2.5 

2 

3 

2.1 

1.9 

1 

1 

.5 

1.3 

1.1 

6th  vear  

  6.1 

5.3 

4 

8 

4.3 

3.9 

3 

4 

2 

.9 

2.5 

2.0 

53  percent  pine: 

2nd  vear  

 8 

.7 

7 

.6 

.5 

5 

.4 

.3 

.3 

4th  vear  

2  8 

2.4 

2 

0 

2.0 

1.7 

1 

5 

1 

2 

1.0 

.8 

6th  vear  

  5.5 

4.7 

4 

3.8 

3.3 

o 

9 

2 

.5 

2.1 

(3) 

25  percent  pine: 

.3 

2 

2nd  vear  

 8 

.6 

.5 

4 

.3 

4th  vear  

  2.6 

2^3 

9 

0 

1.8 

1.5 

1 

3 

1 

.1 

.8 

.6 

6th  year  

  4.9 

4.2 

3. 

3.3 

2.9 

2 

5 

2 

1 

1.6 

(3) 

Pure  hardwood: 

2nd  vear  

 8 

6 

.5 

.5 

.4 

.3 

.3 

2 

4th  vear  

  2.3 

2^1 

1 

8 

1.6 

1.4 

1 

2 

1 

.0 

.5 

6th  vear  

  4.4 

3.5 

3 

1 

2  7 

2.3 

1 

9 

1 

5 

(3) 

(3) 

1  Heights  from  ground  to  terminal  bud  as  read  from  curves  were  rounded  to  the  nearest  one  tenth  foot.  The  height 
of  dominant  seedlings  exceeds  th^se  averages  by  about  20  percent  under  heavy  cover  and  about  50  percent  under  light 
cover. 

2  At  1  year  seedling  heights  \aried  only  between  0.2  and  0.3  feet,  or  2|  to  4  inches,  regardless  of  cover. 

3  Average  height  undetermined  because  of  mortality. 

pine  trees.  On  a  given  site  the  combined  effect  of  these  two  char- 
acteristics of  an  overstory  is  closely  related  to  both  growth  rate  and 
survival  of  nnderstory  vegetation  including  pine  seedlings.  In  a  lob- 
lolly pine  forest  where  only  about  one  out  of  four  or  five  mature 
trees  are  hardwoods,  overwood  density  measured  as  S.D.I,  is  related 
to  crown  cover  and  light  in  summer  about  as  follows : 

Stand  density  index  Light  on  forest  floor     Crown  cover 


(S.  D.  I.) 

(percent) 

(percent) 

25  

68 

3 

55 

9 

125  

44 

23 

175  

36 

50 

225  

30 

69 

'•>75  

25 

81 

3^5  

21 

89 

375  

17 

95 

The  density  oi  unmanaged  forest  is  likely  to  vary  over  the  whole 
range  shown  above,  but  most  seedlings  come  in  under  overwoods  of 
225  or  less.  Under  all-aged  management  the  average  stand  density 
index  is  usually  125  or  more.  This  average  index  ranges  upward 
under  even-aged  management  toward  a  maximum  or  *'*  equilibrium ? ' 
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Plate  5. — Typical  5-year-old  loblolly  pine  ranging  in  height  from  6  for  the 
relatively  open-grown  thrifty  specimen  at  the  left,  down  to  iy2  feet  for 
the  puny  one  at  the  right,  grown  under  the  heavy  canopy  of  an  overstocked 
pine-hardwood  stand.  The  overwood  competition  ranged  from  only  50  up 
to  400,  as  indicated  by  the  stand  density  indices  shown  (Basis:  188  mil- 
acre  samples  of  reproduction  from  seed  crop  of  1939  at  Crossett,  Ark., 
U.S.F.S.  Photo  433813). 


stocking  at  S.D.I.  275  on  the  best  sites  at  80  years  (fig.  54,  chapter  6, 
Growth  and  Yield). 

The  combined  effect  of  composition  and  density  of  overwood  on 
seedling  heights  at  age  6  is  shown  in  figure  36.  None  of  these  seedlings 
was  tall  enough  to  have  yet  reached  the  canopy  above.  When  an 
overwood  is  low  the  pine  seedlings  can  be  readily  injured  by  whip- 
ping against  overhead  branches.  Even  before  that  happens,  however, 
a  low  overwood  with  closed  canopy  intercepts  more  side  light  than 
does  the  broken  canopy  typical  of  a  high  overwood.  Hence,  even 
with  no  variation  in  overwood  density  or  composition,  seedlings  be- 
come more  seriously  suppressed  under  low  cover  (fig.  37). 

The  height  of  loblolly  pine  seedlings  in  the  Piedmont  is  related 
to  their  age  and  to  the  density  and  level  of  the  overwood  (fig.  38). 

The  annual  increase  in  density  of  overwood  in  second-growth 
loblolly  pine  that  is  protected  from  fire  only,  but  otherwise  un- 
managed,  is  4.5  =1=  1.0  S.D.I,  units.    This  rate  of  change  in  stand 
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Figure  36. — The  combined  effect  of  overwood  stand  density  and  species  composi- 
tion in  a  mixed  pine-hardwood  forest  on  the  height  of  6-year-old  loblolly 
pine  seedlings.  Xote  height  reduction  from  9  feet  open  grown  to  about 
half  a  foot  for  the  few  that  survive  under  a  dense  and  high  hardwood 
cover. 
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density  accounts  for  the  6-year  increase  in  overwood  stand  density 
index  shown. 

Survival  of  overtopped  seedlings 

Although  loblolly  pine  seeds  may  germinate  under  a  low  canopy, 
the  seedlings  do  not  last  long  in  thickets  of  sapling  hardwoods. 
Under  a  partial  canopy  of  hardwoods  in  Louisiana  death  occurs  in 
an  average  of  a  little  over  5  years.  If  pine  reseeding  on  cutover  land 
in  that  area  is  delayed  3  years,  all  pines  starting  under  the  hard- 
woods die  1  Chapman  1945  . 

Experience  in  the  Hitchiti  Experimental  Forest  in  the  Georgia 
Piedmont  indicates  that  the  pine  seedlings  can  remain  alive  at  least 
4  years  even  under  the  complete  canopy  of  a  fully  stocked  pine  stand, 
but  they  live  less  than  7  years  where  the  shade  level  of  the  pine 
overwood  is  less  than  20  feet.  The  persistence  of  loblolly  pine  re- 
production in  relation  to  pine  overstories  is  as  follows : 

Overwood  basal  Seedling  life     Overwood  basal  Seedling  life 

area  expectancy             area  expectancy 

(square  feet)  (years)           (square  feet)  (years) 

70   20  110   5 

80   10  120    5 

90    7  130    4 

100    6  140    4 

Comparable  studies  of  longevity  in  understory  pine  seedlings  in 
Arkansas  show  survival  to  be  higher  under  a  minimum  of  cover 
and  under  canopies  that  are  largely  pine  rather  than  hardwoods 
(fig.  39).  For  example,  with  90  percent  cover  none  survived  under 
hardwoods,  but  55  percent  survived  5  years  under  pure  pine.  The 
failure  of  seedlings  is  closely  associated  with  the  extent  of  reseeding 
in  situations  already  occupied  by  the  roots  of  established  trees. 

Marginal  growth,  in  forest  openings 

Both  roots  and  tops  of  trees  extend  outward  from  the  edge  of 
timber  stands  into  natural  openings  and  forest  clearings.  This  pro- 
duces a  transition  zone  in  vegetation  at  low  levels  including  pine 
reproduction.  In  regenerating  a  pine  forest,  border  effects  cannot 
be  safely  disregarded.  Following  perimeters,  as  they  do.  border 
effects  vary  in  extent  and  in  degree  with  both  the  size  and  shape  of 
forest  openings.  Marginal  retardation  of  seedling  growth  is  meas- 
urable 30  feet  out  from  the  edge  of  young  merchantable  timber 
stands.  It  is  most  intense  in  the  first  10  feet,  and  this  heavy  retarda- 
tion covers  a  smaller  proportion  of  large  clearings  than  of  small 
openings  of  the  same  conformation  (table  17). 
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Figure  37. — Height  of  loblolly  pine  seedlings  as  affected  by  density  of  pine 
overwood  in  the  Georgia  Piedmont:  A,  a  high  (40-foot)  cover,  and  B,  a 
low  (20-foot)  cover  (Brender  and  Barber  1956). 

Table  17. — Marginal  influence  of  uncut  timber  on  adjacent  loblolly  pine  seed- 
lings in  forest  openings  on  upper  Coastal  Plain  and  terrace  soils  near 
Crossett,  Ark. 


Proportion  of  area  in  which  degree  of  border  retardation 
(by  distance  f  rom  timber)  is — 


Shape  and  size  of  opening  in 

Heavy 

Media  m 

Light 

None 

forest  cover  (acres) 

< 0-10  feet) 

(10-20  feet) 

(20-30  feet) 

(30+  feet) 

Percent 

Percent 

Percent 

Percent 

Circular: 

i 

32 

25 

19 

24 

i 

22 

20 

18 

40 

1  

16 

15 

13 

56 

n  

13 

13 

11 

63 

Irregidar1: 

i 

72 

22 

4 

2 

i 

57 

29 

10 

4 

1  

40 

30 

20 

10 

u  

32 

30 

22 

16 

Feet 

Feet 

Fed 

Feet 

Seedling  height  at  6  vears2  

4.5 

5.6 

7.0 

9.1 

1  These  data  apply  to  forest  openings  of  the  shape  illustrated  in  figure  40. 

2  Equivalent  heights  at  6  years  are  attained  by  forest-grown  seedlings  when  the  overwood  crown  cover  is  37,  15, 
6,  and  0  percent  respectively. 
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Figure  38. — Six-year  height  growth  of  seedlings  in  relation  to  progressive  nat- 
ural changes  in  density  (S.  D.  I.)  as  shown  for  a  50-year  overwood.  The 
simultaneous  average  rise  in  shade  level  is  from  36  to  42  feet  (Brender 
and  Barber  1956). 

Iii  the  opposite  direction  the  temporary  stimulus  from  clearing  is 
felt  up  to  30  feet  into  the  woods.  When  a  clearing  is  made  in  an 
overstocked  timber  stand  (S.D.I.  400)  a  seedling  under  the  closed 
canopy,  but  located  within  15  feet  of  the  clearing,  will  receive  enough 
side  light  to  grow  as  if  the  S.D.I,  were  300  (fig.  36).  One  at  the 
very  edge  of  the  dense  timber  will  grow  as  if  it  were  under  a  15 
percent  canopy  consisting  of  75  percent  pine  (table  16). 

A  seedling  in  the  open,  but  within  15  feet  of  the  wall  of  uncut 
timber  will  be  partially  shaded  and  will  develop  as  if  it  were  under 
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Figure  39. — Effect  of  density  and  composition  of  overwood  on  survival  of  lob- 
lolly pine  seedlings  near  Crossett,  Ark.:  A,  Two  to  five  years  old  under 
various  degrees  of  cover  consisting  of  75  percent  pine;  B,  fifth-year  survival 
under  different  admixtures  of  hardwood  trees  in  the  overstory. 

an  overwood  of  S.D.I.  100.  Seedlings  over  30  feet  from  the  timber 
are  free  to  grow  at  their  maximum  rate  unless  they  meet  with  com- 
petition on  their  own  level  (fig.  40).  The  extent  of  border  retarda- 
tion in  regeneration  that  follows  partial  cutting  may  be  estimated 
from  the  part  for  irregular  openings  in  table  17.  The  corresponding 
average  height  and  survival  of  seedlings  at  5  years  in  these  borders 
are  given  in  table  18. 

Such  inevitable  border  retardation  may  be  either  relieved  or 
tolerated,  but  should  never  be  overlooked.  Inasmuch  as  unrestricted 
seedling  growth  may  be  less  valuable  than  increment  on  the  timber 
that  restricts  it,  full  development  of  regeneration  may  be  sacrificed 
until  the  timber  border  reaches  financial  maturity. 

Evaluation  of  regeneration 

A  good  inventory  of  pine  reproduction  should  show  both  where  it 
is  and  whether  it  is  satisfactory.  A  choice  between  no  action,  re- 
lease of  existing  seedlings,  or  a  fresh  start,  can  be  made  only  after 
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Figure  40. — Under  group  selection  cutting  the  strip  in  which  regeneration  suf- 
fers marginal  retardation  varies  in  area,  A,  with  the  length  of  the  perim- 
eter of  irregular  openings  (tables  17  and  18).  B,  Profile  typical  of 
even-aged  pine  reproduction  in  an  opening  following  a  harvest  cutting. 
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Table  18. — Net  effect  of  gradations  in  marginal  influence  of  timber  on  sur- 
vival and  height  of  regeneration 


S\hmiP  fiYi(~\  M7£  ni  nTiPJiinn  ~$tpp 

U/cUUC    Villi   Ot-C    VI    VUtZflCfly    |  /  cc 

Ul  vt  ti  li  vvJL     IkLf  oo  J 

llVull  t  tio  VI 

ci vela 

Five-year-old  loblolly 
pine  seedlings 

Survival  Htight 

n  ' 

Uverivoou  coverage  for 
equivalent  forest- 
grown  seedlings1 

Feet 

Percent 

Feet 

Percent 

Circular  : 

0  

66 

3.2 

37 

.1  

37.2 

72 

3.7 

23 

.3  

64.5 

73 

4.1  . 

14 

.5  

83.2 

74 

4.3 

11 

1.0  

117.7 

75 

4.4 

10 

1.5  

144.2 

76 

4.5 

9 

Irregular- : 

0  

66 

3.2 

37 

.1  

69 

3.3 

36 

.3  

70 

3.4 

32 

.5  

71 

3.5 

29 

1.0  

~o 

3.8 

20 

1.5  

73 

3.9 

18 

1  For  a  canopy  75  percent  pine  and  25  percent  hardwood  having  the  same  effect  as  the  corresponding  opening  on 
seedling  development. 

2  Typically  as  illustrated  in  figure  40. 


ascertaining  not  only  what  is  on  the  ground  but  also  its  prospects 
for  future  development.51 

Many  of  the  prerequisites  for  natural  regeneration  of  pine,  de- 
scribed in  the  previous  sections,  must  be  recognized  in  forecasting 
its  success.  Briefly  the  basic  essentials  are  abundant  seed,  adequate 
dispersal,  suitable  seedbed,  favorable  weather,  about  8  years  without 
fire,  and  control  of  hardwoods. 

Commonly  a  deficiency  in  two  or  more  of  these  conditions  raises 
the  question  of  the  need  for  further  cultural  measures.  As  all  com- 
peting hardwoods  can  seldom  be  destroyed  at  reasonable  cost,  it  is 
essential  for  pine  seedlings  to  dominate  the  remnants.  This  they 
usually  can  do.  except  in  the  more  moist  situations  on  the  lower 
Piedmont  Plateau  and  on  true  hardwood  bottom  lands.  Because  of 
their  more  rapid  height  growth  the  pines  can  emerge  if  they  are 
not  more  than  a  year  behind  the  competing  sprouts  (Chapman  1945'*. 
Then  the  pine  component  of  a  stand  can  hold  its  own  during  the 
first  critical  years  and  begin  to  dominate  the  hardwoods  in  15  years 

51  The  amount  present  at  any  time  readily  can  be  determined  by  a  variety 
of  sampling  procedures,  including  random  or  mechanical  cruises  using  stocked 
quadrats  (page  172),  or  variable  radius  plots.  The  details  of  these  techniques — 
applicable  to  many  species — are  beyond  the  scope  of  this  book,  but  appraisal  of 
prospects  for  acceptable  seedling  development,  by  saving  what  exists  or  pro- 
viding replacements,  depends  on  specific  knowledge  of  silvical  observations  re- 
ported here. 
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(Cope  1926).  Where  weed  species  already  usurp  a  large  portion  of 
the  pine  land  they  must  be  killed,  at  least  to  the  ground  level,  before 
the  area  covered  by  their  crowns  becomes  available  for  more  pine. 

The  adequacy  of  natural  regeneration  may  be  estimated  after 
its  first  year  or  two  when  survival  becomes  more  directly  related  to 
competition  from  adjacent  woody  vegetation.  Prospects  are  poor 
under  large  trees  or  dense  clumps  of  small  ones.  Under  high  shade 
with  intermittent  sunlight  loblolly  pine  can  survive  as  overtopped 
seedlings  or  saplings  for  one  or  two  decades,  provided  severe  droughts 
do  not  occur  and  annual  height  growth  exceeds  6  inches.  With  less 
shoot  growth  the  seedlings  die  sooner  or  later  |  Chapman  1923.  1945 
In  a  suppressed  condition  the  survivors  remain  vulnerable  to  liffht 
surface  fires  at  any  season,  by  contrast  to  seedlings  grown  in  open 
sunlight  which  rapidly  attain  sufficient  size  to  resist  winter  surface 
fires.  The  prospects  for  survival  are  two  out  of  three  for  5-year-old 
seedlings  in  well-defined  openings  15  to  30  feet  wide  Wahlenberg 
1948a)  and  growing  little  more  than  6  inches  annually.  TVhere 
cutting  cycles  are  more  than  5  years  such  seedlings  must  be  released 
to  survive.  In  larger  openings  where  the  leading  shoots  are  free 
at  3  years  the  mortality  is  lower. 

Reproduction  on  entover  lands  of  the  Coastal  Plain  is  incon- 
spicuous in  the  first  few  years  when  hardwood  sprouts  grow  rapidly 
and  pine  seedlings  slowly.  Fortunately  this  early  handicap  for 
the  pines  is  often  more  apparent  than  real.  On  many  areas  the 
height  growth  of  pine  seedlings  soon  tends  strongly  to  increase 
while  that  of  the  competing  sprouts  tends  to  decrease  each  year. 
The  sprouts  remain  vigorous  but  dissipate  their  growth  energy  in 
multiple  stems  and  branches.  Over  much,  if  not  all.  of  its  range, 
loblolly  pine  stores  appreciable  quantities  of  plant  food  during  the 
winter  months,  when  the  competing  hardwoods  are  leafless  and  neither 
storing  food  themselves  nor  shading  the  pines.  Overwinter  food 
storage  in  loblolly  pine  apparently  accounts  for  the  relatively  greater 
length  of  the  first  internode  formed  on  the  leading  shoots  of  pine 
saplings  in  the  spring.  Thus  at  a  given  size  the  height  growth  of 
pines  exceeds  that  of  most  hardwood  associates    fie.  41 

Pine  seedlings  of  rapid  early  height  growth  are  most  likely  to 
emerge  from  a  sea  of  brush.    Rates  of  height  growth  in  the  first  3 
to  5  years  portend  the  percentage  of  survival  and  dominance  to  be 
expected,  without  release,  and  barring  drought  in  the  next  few  years 
fig.  42  . 
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Figure  41, — Comparison  of  competitive  rates  of  growth  between  loblolly  pine 
and  associated  species  in  sapling  stands  16  to  18  years  old  at  Urania,  La.: 
A,  In  rate  of  diameter  growth  based  on  d.b.h.  at  beginning  of  a  period, 
loblolly  pine  was  exceeded  by  sweetgum  only.  B.  In  rate  of  height  growth 
loblolly  pine  went  up  about  twice  as  rapidly  as  its  associates  (Chapman 
1942b). 

Wenger  (1955.  a.b.c)  studying  regeneration  in  the  Coastal  Plain, 
found  the  previous  year's  growth  highly  useful  in  distinguishing 
between  the  individual  seedlings  with  good  or  poor  prospects  of 
survival.  On  undisturbed  soil  and  excluding  serious  drought  he 
found  this  relation:  Current  seedling  growth  (feet)  —  0.35  + 1.02 
(previous  year's  growth).  The  linear  equation  is  a  practical 
mechanism  to  use  in  estimating  for  several  reasons.  Its  correlation 
with  actual  growth  is  high.  0.93.  and  it  is  a  relationship  that  is  meas- 
ured easily,  independently  of  seedling  height  or  age.  Furthermore 
it  is  not  normally  affected  either  by  soil  differences  or  by  controlled 
burning. 

Need  of  release 

The  need  to  curb  undesirable  vegetation  and  release  pines  varies 
greatly  from  place  to  place.  One  cutting  to  remove  overstory  com- 
petition is  usually  sufficient.  The  decision  to  liberate  loblolly  pine 
seedlings  from  competition  with  low-level  vegetation,  or  let  the  pines 
languish  and  die.  should  vary  both  with  the  need  for  more  young 
growth  in  the  forest  as  a  whole  and  with  the  locations  that  have 
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Figure  -±2. — Curves  designed  to  aid  in  forecasting  the  success  of  natural  repro- 
duction of  loblolly  pine  from  its  present  condition.  Current  capacity  for 
height  development  is  the  best  indication  of  the  prospects  for  the  next  4 
to  6  years:  A,  near  Franklin,  Ya. :  B  and  C,  near  Crossett,  Ark.  Xeither  of 
these  apply  to  years  of  unusual  moisture  stress. 

been  designated  specifically  for  regeneration.  On  reproduction  areas 
release  should  await  the  presence  of  seedlings  in  adequate  numbers, 
and  should  be  further  postponed  until  retardation  of  height  growth 
is  evident  or  overtopping  is  imminent.  Then,  and  especially  on  dry 
sites;  some  intensive  release  work  with  chemicals  may  be  advisable. 
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but  release  operations  applied  at  the  wrong  time  or  place  often  re- 
move more  than  is  necessary  and  thus  encourage  hardwood  sprout- 
ing. Usually  release  of  the  pine  seedlings  (if,  where,  and  as  needed) 
should  be  extensive  rather  than  intensive.52 

Mis  judgment  of  regeneration  prospects  in  the  past  commonly 
has  led  to  unexpected  failure  or  success.  In  many  places  pine  seed- 
lings, overcoming  an  initial  handicap  more  apparent  than  real, 
have  unexpectedly  emerged  unaided  from  a  sea  of  brush.  This  is 
possible  on  some  sites  because  normal  height  growth  of  loblolly  pine 
tends  to  increase  in  each  of  the  first  10  years,  whereas  most  of  the 
hardwood  sprout  growth  decreases  after  its  alarming  spurt  in  the 
first  year  or  two.  Hence  pine  seedlings  adjacent  to,  but  not  directly 
beneath,  hardwood  sprout  clumps  have  a  fair  chance  to  become 
dominant.  Overtopped  seedlings  have  less  opportunity  to  come 
through  unless  the  competition  is  from  lightly  foliated  species  like 
myrtle  or  sumac.  Release  is  most  necessary  on  good  sites  where 
underbrush  is  low  and  dense,  and  on  poor  sites  where  the  hardwood 
associates  are  of  aggressive  and  heavily  foliated  species. 

Even  on  these  sites  aim  should  be  to  subdue  rather  than  to 
eliminate  the  competing  vegetation.  Except  for  unusual  situations, 
like  very  dry  sites,  and  places  where  aggression  by  honeysuckle  or 
kudzu  vines  is  rampant,  eradication  is  unnecessary.  The  need  is 
merely  to  check  the  competition  temporarily  until  the  pines  can 
dominate  the  stand.  Hence  in  the  absence  of  drought  it  is  best  to 
avoid  destroying  any  vegetation  that  will  not  hamper  the  pines — 
limiting  treatment  to  the  amount  necessary  to  restrain  competition. 
Cleaning  operations  in  seedling  stands,  slashing  back  with  hand- 
tools  only  the  upper  parts  of  weed  species  permits  many  small  pines 
to  gain  dominance  before  multiple  sprouts  again  menace  young 
crop  trees  (Carmean  1947).  Progress  toward  control  may  be  judged 
by  the  lower  average  height  of  competing  hardwoods  and  the  added 
space  for  pines  to  grow.  To  shift  the  competition  closer  to  the 
ground  is  worthwhile,  even  though  in  some  few  places  the  continued 
control  of  underbrush  may  require  a  series  of  treatments. 

When  and  where  to  liberate  young  loblolly  pines  from  high-level 
competition  likewise  deserves  attention.  If  needed  regeneration 
quotas  already  have  been  filled,  additional  understory  seedlings 
should  be  ignored.    A  surplus  of  natural  regeneration  in  such  a 

52  By  contrast  the  thoroughness  in  prior  preparation  of  these  areas  for  re- 
production or  planting  tends  to  lessen  the  need  for  later  release.  Intensive 
disking  before  logging,  or  a  uniform  burn  afterward,  can  postpone  or  eliminate 
the  need  for  early  release. 
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forest  may  be  disregarded  for  several  reasons.  Many  seedlings  come 
in  at  the  wrong  time  or  place,  and  do  not  provide  the  current  growth 
values  that  the  larger  trees  do.  The  net  value  of  saw-log  trees  has 
been  known  to  double  in  17  years,  and  such  growth  of  clear-stemmed 
trees  left  in  cutting  is  often  worth  more  per  acre  as  timber  than  is 
the  liberation  of  their  volunteer  progeny  as  regeneration.  Some 
suppression  of  seedlings  must  be  tolerated,  under  all-aged  silvicul- 
ture, particularly  on  the  less  accessible  and  less  intensively  managed 
lands  where  cutting  cycles  are  long,  ages  mixed,  harvests  are  selec- 
tive, and  special  release  less  feasible.  More  seedlings  are  injured 
where  weed  trees  are  felled  than  where  they  are  girdled  or  poisoned 
(Tissue  1953),  and  most  seedlings  outgrow  the  sprout  clusters  that 
follow  (Williston  1949a). 

Under  shelterwood,  or  other  even-aged  systems  of  cutting  timber, 
less  suppression  of  pine  seedlings  by  their  parents,  or  other  larger 
trees,  can  be  tolerated.  Long  regeneration  periods  are  not  recom- 
mended, and  neglect  of,  or  extended  delay  in,  release  operations  leads 
to  heavy  loss  of  timber  production.  The  extent  of  the  forest  acreage 
involved  in  this  loss  can  be  judged  accurately,  according  to  McCulley 
(1953a)  from  the  potential  growing  space  for  pines  beneath  the 
crowns  of  inferior  species.  He  found  the  percentage  of  area  shaded 
by  residual  hardwoods  near  Franklin,  Va.,  equal  to  1.4  times  their 
basal  area  in  square  feet. 

Schedules  for  release 

Site  and  age  affect  the  timing  of  release  operations  to  aid  pine 
seedlings  by  curbing  sprout  competition.  When  pines  are  planted 
on  good  sites,  but  under  open  stands  of  oak,  the  seedlings  usually 
need  release  at  planting  time  or  soon  thereafter.  In  the  improve- 
ment of  seedling  stands  release  is  needed  earlier  on  moist  sites  of  high 
quality  than  elsewhere.  Studies  in  the  Piedmont  region  of  North 
Carolina  (Anderson  1946,  Carmean  1947)  indicate  that  where  hard- 
wood vigor  is  relatively  low  because  of  an  impervious  B  horizon  in 
the  soil,  no  cleaning  is  needed  in  the  first  4  years  after  logging.  A 
single  one  in  the  5th  growing  season  is  suggested,  and  this  may  be 
needed  only  in  spots.  On  extremely  dry  sites  a  single  cleaning  be- 
tween the  5th  and  8th  years  should  suffice. 

On  better  soils,  where  hardwoods  are  more  vigorous,  and  where 
herbicides  are  not  used,  cleaning,  though  unnecessary  during  the 
first  year  or  two,  is  soon  needed.  In  moist  situations  toward  the 
bottom  of  the  slopes  in  the  Piedmont,  cleanings  in  the  3rd  and  also 
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in  the  6th  to  8th  year  are  in  order.53  Although  a  single  hardwood 
cutting  or  girdling  operation  is  usually  sufficient  on  the  northern 
Coastal  Plain,  in  southern  Arkansas  the  small  hardwoods  also,  in 
many  places,  need  to  be  killed  back  to  reduce  the  heavy  competition 
for  moisture  (Reynolds  1950a).  Ridgetop  sites  may  restock  with  pine 
without  artificial  aid,  but  elsewhere  neglect  of  cleaning  may  sup- 
press or  deform  the  pines. 

The  use  of  herbicidal  sprays  to  aid  loblolly  pine  seedlings  needs  to 
be  timed  to  effect  maximum  damage  to  deciduous  species  and  mini- 
mum injury  to  pines.  Working  in  Arkansas,  Ray  (1957)  found 
that  foliage  sprays  in  July  and  August  injured  the  terminal  buds 
of  pine  less  than  those  applied  in  May  and  June.  Spring  treatments, 
however,  were  found  best  to  subjugate  broad-leaved  species  in  tests  of 
various  treatments  (McQuilkin  1955;  Goddard  1955;  Carvell  1955; 
and  Grano  1955  a  and  b),  apparently  because  vegetative  activity  was 
then  highest.  Similarly  herbicides  applied  during  the  warm  after- 
noons of  bright  days,  when  photosynthetic  production  exceeds  foliar 
needs,  may  be  most  effective.  Schedules  to  release  pine  seedlings 
should  never  follow  general  rules  literally;  rather  they  should  be 
based  on  observation  of  vegetation  in  local  situations. 

Release  of  seedlings  from  competition  with  mother  trees  in  all- 
aged  forests  is  incidental  to  partial  timber  harvests  and  need  not 
be  formally  scheduled.  Under  other  systems,  however,  the  release 
from  seed  trees  cannot  be  long  deferred.  On  areas  designated  for 
regeneration  established  reproduction  needs  prompt  attention  to 
avoid  possible  stagnation.  Where  forest  protection  is  intensive  and 
well  organized,  seed  trees  may  not  be  needed  to  insure  against  fire 
loss,  and  in  such  places  need  not  be  long  retained,  usually  not  more 
than  3  years. 

Mechanical  injuries  to  seedlings  from  falling  trees  should  be  min- 
imized. Removal  of  seed  trees  after  the  seedlings  are  established  will 
result  in  some  damage  to  the  young  stand,  but  where  seedlings  are 
2  years  old  this  can  be  confined  to  major  tractor  roads  and  loading 
areas.  In  the  Bigwoods  Experimental  Forest  six  20-inch  seed  trees 
per  acre  were  removed  with  only  slight  damage  to  first-  and  second- 
year  seedlings  (Trousdell  1952a).  Larger  seedlings  and  saplings  are 
more  brittle  and  therefore  more  vulnerable.    To  spare  them,  the 

53  In  Talladega  County,  Alabama,  it  has  been  shown  (Westberg  1950)  that 
it  is  possible  to  accelerate  the  growth  of  pines  planted  under  relatively  young 
hardwood  stands  through  release  cuttings  deferred  3  or  4  years.  Although  it 
should  not  be  so  long  delayed,  release  8  years  after  planting  was  still  helpful 
to  loblolly  pine  where  52  percent  of  the  seedlings  has  survived  in  northern 
Mississippi   (Huckenpahler  1949b  and  1952). 
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trees  can  be  felled  toward  or  away  from  concentration  points  marked 
in  advance,  thus  reducing  damage  to  a  minimum.  Heavy  damage 
from  repeated  tractor  trips  during  dry  weather  should  not  affect 
more  than  8  percent  of  a  partly  cut  area.  In  dense  thickets  of 
regeneration  a  moderate  amount  of  breakage  among  saplings  can  be 
tolerated,  for  there  it  represents  no  economic  loss. 

Results  from  release 

Without  release  of  natural  reproduction  many  pine  stands  are 
succeeded  by  nearly  worthless  hardwoods.  Such  succession  can  be 
halted  or  delayed  by  any  of  several  methods  of  release.  The  relative 
effectiveness  of  these  treatments  varies  widely  with  time  and  place. 
Intensive  release  measures  may,  or  may  not,  be  justified. 

What  may  be  a  good  measure  during  a  dry  period  may  fail  to 
pay  for  itself  during  a  wet  period.  Response  to  a  given  degree  of 
partial  release  from  shrub-size  competition  in  a  single  treatment 
tends  to  be  better  on  dry  sites  and  in  drought  years,  than  on  better 
sites  and  in  moist  years.  After  the  tops  are  killed  with  chemicals, 
the  hardwoods  resprout  much  more  vigorously  in  moist  locations. 
By  lessening  the  competition  for  limited  moisture,  thorough  release 
benefits  pine  seedlings  following  drought  in  Texas  (Ferguson  1958). 
When  drought  occurs  during  the  initial  establishment  of  pines  on 
grassy  areas,  the  grass  offers  more  competition  than  do  the  hardwoods. 

The  effect  of  time  of  release  on  growth  and  survival  of  loblolly 
pines  planted  under  scrub  oaks  on  former  longleaf  pine  lands  near 
Alexandria,  La.  (Muntz  1950,  Shoulders  1955),  was  as  follows: 

Third  Year  Seventh  Year 


Survival 

Height 

Survival 

Height 

(/percent) 

(feet) 

(percent) 

(feet) 

86 

4.3 

82 

15.5 

62 

3.2 

61 

14.5 

39 

2.5 

38 

13.0 

33 

2.2 

32 

9.5 

Time  of  release 

Immediately  after 

planting  

One  year  after  planting . 
Two  years  after  planting 
Check — not  released .  .  . 

Seedlings  simultaneously  interplanted  in  small  openings  had  survived 
64  percent  by  the  seventh  year  and  were  10.0  feet  high. 

Tests  in  Alabama  and  in  North  Carolina  have  shown  that  in 
normal  years  the  rate  of  height  growth  of  loblolly  pine  seedlings 
may  be  doubled,  and  the  rate  of  diameter  growth  quadrupled  2 
years  after  timely  liberation  (Miller  and  Tissue  1956,  Freese  1950). 
Results  of  other  similar  studies  in  North  Carolina  and  in  Arkansas 
are  given  in  figure  43.  In  this  work  it  appears  that  early  liberation 
(age  2)  and  a  treatment  of  moderate  intensity  (number  2)  were  the 
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Figure  43. — A,  Pine  seedlings  1  inch  in  d.b.h.  and  smaller  immediately  after 
each  of  three  liberation  treatments  at  Crossett,  Ark.:  1,  hardwoods  6  inches 
and  larger  removed,  2,  hardwoods  2  inches  and  larger  removed,  and  3,  hard- 
woods 5  feet  tall  and  over  removed  (Mann  1951a).  B,  Height  of  pines 
growing  under  three  degrees  of  overwood.  C,  Heights  of  pine  seedlings  re- 
leased at  2  or  3  years  of  age,  Bigwoods  Experimental  Forest  (McCulley 
1953a). 

most  effective  and  economical.  Sometimes,  when  a  variety  of  treat- 
ments all  promise  success,  the  most  economical  one  is  chosen.  For 
instance  in  Sonth  Carolina  manual  and  simple  chemical  methods  of 
releasing  loblolly  pines  already  about  2  feet  tall  on  a  flatwood  site  of 
index  90  were  compared  as  shown  in  table  19.  The  extra  cost  of  us- 
ing chemicals  to  deaden  trees  was,  in  this  instance,  unwarranted. 


Table  19. — Relative  success  of  various  release  treatments  after  four  grow- 
ing seasons  on  the  Santee  Experimental  Forest  in  South  Carolina  (Ship- 
man  1954 ) 


Seedlings 


Treatment1 


Herbicide     Relative  cost2  Free  to  grow  Height3 


Untreated   None 

Stems  cut   None 

No  cutting,  base  sprayed   2,4,5-T 

No  cutting,  stems  brushed   2,4,5-T 

Stems  cut  and  stumps  sprayed .  .  .  2,4,5-T 

1  Each  treatment  replicated  3  times  on  1/40-acre  plots. 

2  Includes  labor  and  chemical  charges,  relative  to  each  other. 

3  Based  upon  the  best  75  seedlings  for  each  treatment. 
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SUMMARY 

Natural  reproduction  of  loblolly  pine  is  disappointing  when 
delayed.  Long  periods  of  regeneration  eannot  be  recommended 
because  they  allow  sprouting  hardwoods  to  recapture  the  land.  To 
insure  promptness  certain  silvicultural  treatments  are  advocated. 
Measures  to  promote  reproduction  must  be  timely,  and  during  the 
first  8  years  special  protection  is  advisable  in  some  locations. 

Short  rotations  invite  regeneration  difficulties  because  young  seed 
trees  normally  produce  little  seed.  Certain  precautions  and  special 
measures  become  necessary.  They  concern  seed  trees,  seed  yields, 
seed  requirements,  seedbeds,  overtopping  by  hardwood  sprouts,  and 
after  the  removal  of  seed  trees  the  possible  advisablity  of  further  re- 
lease to  obviate  any  need  to  plant  pine. 

Seed  trees  ordinarily  must  be  at  least  12  inches  d.b.h.  and  30 
to  50  years  old  to  yield  9,000  to  15,000  seeds  each.  Seed  bearing 
capacity  should  be  evaluated,  from  evidence  of  previous  fruitful- 
ness,  in  selecting  the  trees.  Not  less  than  4  nor  more  than  12  per 
acre  should  be  selected  depending  on  their  distribution  over  the 
area,  on  their  quality,  on  seedbed  conditions,  and  on  uncontrolled 
plant  competition.    The  trees  should  provide  an  operable  final  cut. 

Seed  yields  vary  tremendously  not  only  by  trees,  but  from  year 
to  year,  and  place  to  place.  Good  seed  crops  every  3  to  10  years 
provide  heavier  yields  near  the  coast  than  farther  inland.  Also  seed 
in  plentiful  supply  is  of  better  quality.  Some  owners  benefit  by 
making  final  harvests  only  when  a  heavy  crop  is  expected. 

To  facilitate  regeneration  in  later  years,  the  trees  to  be  reserved 
for  seed  should  have  their  production  stimulated.  This  is  done  by 
harvest  of  adjacent  trees  that  crowd  them.  These  competing  trees 
should  be  removed  in  a  commercial  cutting  before  June  1,  3  years 
in  advance  of  the  need  for  regeneration.  By  providing  a  6-  to  10- 
foot  space  between  crowns  of  the  reserved  trees  such  a  preparatory 
cut  will  certainly  step-up  seed  production.  The  yield  in  a  poor 
seed  year  may  be  increased  several  fold  for  released  trees,  making  it 
ample  in  the  Coastal  Plain  but  of  questionable  adequacy  in  the 
Piedmont.  Directions  are  given  for  making  useful  estimates  of 
expected  seed  crops — corrected  for  defective  cones — a  year  in  ad- 
vance of  the  peak  of  seedfall  in  mid-November. 

Difficulty  in  obtaining  adequate  seeding  is  less  when  the  viability 
of  seeds  is  high  and  dissemination  wide.  Germinative  capacity  varies 
from  11  percent  in  some  poor  years  to  76  percent  in  better  years. 
Usually  on  cutover  lands  with  an  adequate  source  of  seed,  dispersal 
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with  prevailing  wind  is  abundant  beyond  the  parent  trees  for  aboui 
75  feet,  good  for  150  feet,  acceptable  perhaps  for  300  feet,  and  in- 
sufficient farther  away.  Old  fields  recently  abandoned  reseed  some- 
what more  effectively  from  the  side.  ^Vlien  seed  trees  are  well 
scattered  over  an  area,  the  total  supply  of  seed  is  more  important 
than  dispersal  distance.  Seeds  germinate  profusely  in  March  and 
April.  The  number  needed  is  less  where  receptivity  of  the  soil  sur- 
face is  high. 

Successful  regeneration  is  dependent  to  a  large  extent  on  reseed-- 
ing  when  the  seedbed  is  favorable.  Seedling  catch  is  usually  good 
where  the  forest  floor  is  disturbed  by  logging  over  diverse  skid  trails, 
intermediate  on  burned-over  surfaces,  poor  on  undisturbed  soil  cover, 
and  poorest  under  slashings.  Seed  requirements  may  be  met  prop- 
erly, in  fact  fulMlled  abundantly,  where  sites  have  been  freshly  pre- 
pared. The  improvement  wrought  by  logging  rapidly  disappears  in 
succeeding  years,  necessitating  special  measures. 

Although  it  often  cannot  be  firmly  scheduled,  preparatory  burn- 
ing is  useful  in  many  places.  The  frequency  with  which  fires — light 
or  severe — are  prescribed  must  be  varied  with  the  local  possibility 
of  and  need  for  them.  With  the  use  of  fire  for  any  constructive 
purpose  in  forestry,  a  deliberate  sacrifice  of  scattered  young  advance 
reproduction  is  often  justifiable  to  avoid  subsequent  understocking 
and  the  development  of  '■wolf  trees.  In  the  absence  of  an  adequate 
stand  of  advance  reproduction,  a  clean  sweep  of  the  forest  floor  is 
good,  but  the  effects  of  even  well-controlled  burning  may  be  some- 
what erratic. 

Machinery  may  be  used  to  scarify  surfaces  left  undisturbed  by 
logging  or  fire.  However,  care  is  needed  in  the  use  of  heavy  equip- 
ment to  prevent  damage  to  the  soil,  that  is.  to  avoid  the  displacement 
of  topsoil  on  dry  areas  or  its  ■■puddling*'  and  compaction  on  wet 
areas.  Bulldozing  can  effectively  destroy  hardwood  thickets  on  the 
sandy  loam  soils  of  the  Coastal  Plain,  but  is  less  desirable  on  the 
clay  soils  of  the  Piedmont.  Where  undesirable  sapling  stands  are 
less  dense  they  can  be  felled  with  a  tractor  and  heavy  disk  harrow 
and  the  larger  trees  girdled  or  poisoned ;  if  this  is  not  done  the 
percentage  of  area  usurped  by  undesirable  trees  equals  about  1.4 
times  their  basal  area  in  square  feet.  Such  measures  combine  timber 
stand  improvement  with  site  preparation  for  regeneration. 

The  early  results  of  pine  reproduction  are  best  judged  by  esti- 
mating the  area  stocked  rather  than  by  counting  seedlings.  In  re- 
generating a  forest  the  land  recovered  by  pines  is  more  important 
than  either  their  numbers  or  distribution  within  the  seeded  area. 
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After  the  first  year  when  the  new  crop  of  pine  has  become  well 
established  and  relatively  drought  resistant,  all  seed  trees  should 
be  removed  from  designated  regeneration  areas  unless  they  are 
needed  for  fire  insurance.  In  nonhazardous  areas  they  need  not  be 
long  retained. 

Freedom  for  seedlings  to  grow  means  freedom  to  survive.  In 
many  situations  the  smaller  trees  have  difficulty  in  reaching  ma-,, 
turity.  |  At  all  ages  the  species  is  less  tolerant  than  many  of  its 
associates.  In  good  light,  dry  soil  impedes  hardwoods  more  than 
pine,  but  with  ample  moisture  dim  light  retards  pine  more  than  hard- 
woods. 

One  advantage  on  cutover  lands  is  the  early  tendency  for  pine 
seedlings  to  increase  their  annual  height  growth  while  that  of  hard- 
woods at  the  same  level  tends  to  decrease.  Low.  dense  hardwood 
cover  however  is  fatal  to  pine  seedlings.  High  and  broken  pine 
cover  can  be  tolerated  several  years  on  good  sites.  Mixed  pine- 
hardwood  cover  of  medium  height  reduces  growth  and  survival  of 
seedlings  in  direct  relation  to  its  density. 

In  dry  years,  or  on  dry  sites,  release  may  be  deferred  about  4 
years  or  until  the  need  is  clearly  manifest.  In  wet  years,  or  on  moist 
sites,  release  should  be  started  early  and  repeated  if.  when,  and 
where  needed.  The  marginal  influence  of  a  wall  of  standing  timber 
affects  seedlings  most  in  the  first  10  feet  of  a  30-foot  border  in  which 
retardation  is  felt.  Reproduction  in  small  irregular  openings  is  espe- 
cially retarded.  Seedlings  growing  less  than  about  6  inches  in  height 
annually  remain  vulnerable  to  surface  fires.  TVlien  more  pine  is 
needed,  the  neglect  of.  or  delay  in.  release  operations  leads  to  heavy 
loss  in  timber  production  through  the  succession  of  inferior  hard- 
woods. 


Chapter  5 

Artificial  Regeneration 

NEED  FOR  PLANTING 

Planting  nubsery-grown  seedlings  is  the  quickest  and  surest 
means  of  restoring  full  productivity  to  southern  pine  lands  that  fail 
to  restock  naturally  and  completely  to  loblolly  pine.  So  far  there 
are  relatively  few  examples  of  similar  success  from  sowing  the  seeds 
of  this  species  directly  on  forest  land,  but  recent  research  is  revealing 
the  possibility  of  better  results  in  the  future. 

These  artificial  methods  of  regeneration  occupy  an  important 
place  in  silviculture  because  they  bring  at  least  three  benefits.  Plant- 
ing (1)  utilizes  additional  capital  investments  to  reduce  time  lost 
in  attaining  natural  regeneration.  2  substitutes  investment  in  seed 
or  seedling  stock  for  investment  in  merchantable  seed  trees,  and 
(3)  permits  regeneration  of  areas  where  natural  methods  are  im- 
possible— as  where  seed  trees  are  absent.  Even  where  potential  seed 
trees  of  loblolly  pine  are  present,  it  may  be  advisable  to  consider  the 
costs  involved  in  rising  them.54 

Abandoned  fields,  pastures,  or  other  open  lands  interspersed  with- 
in a  forest  may  be  expected  to  be  partially  reforested  through  nat- 
ural seeding  from  the  side.  Small  parcels  of  such  land  usually 
restock  to  loblolly  pine  satisfactorily — the  larger  ones  only  slowly 
and  incompletely.  Wherever,  because  of  a  dearth  of  seed  trees  or 
other  cause,  adecruate  natural  seeding  is  uncertain,  planting  not  only 
can  shorten  the  rotation  somewhat,  but  also  can  bring  three  benefits 
in  addition  to  the  three  mentioned  above.  It  can  improve  on  initial 
tree  spacing  and  stand  density,  provide  more  positive  control  over 
species  composition,  and  permit  the  introduction  of  new  and  im- 
proved strains  or  hybrid  trees,  if  desired. 

54  These  costs  niay  be  direct  and  current  as  well  as  indirect  and  delayed. 
After  release  of  seed  trees  they  may  accelerate  their  individual  growth  enough 
to  cover  any  current  loss  from  delay  in  their  harvest.  Yet,  on  high-quality  sites, 
the  loss  of  growing  stock  in  trees  cut  to  liberate  the  seed  trees  simultaneously 
may  lower  the  value  of  final  per-acre  yields  enough  to  offset  the  alternative 
cost  involved  in  artificial  reproduction  on  completely  cleared  areas. 
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These  three  benefits,  however,  are  not  likely  to  be  realized  fully 
in  planting  cntover  lands.  Rarely  is  the  original  stand  of  brush 
and  trees  wholly  eliminated  in  harvesting  timber.  Hence,  irregular 
natural  reproduction  of  mixed  species  seldom  results  in  young  stands 
stocked  as  uniformly  as  plantations  on  open  or  fully  prepared  sites. 
With  a  good  seed  source  reinforcement  planting  alone  is  seldom 
advisable. 

Nevertheless,  much  land  suitable  for  loblolly  pine  that  has  been 
made  unproductive  through  heavy  cutting,  wild  fire,  natural  catas- 
trophe, or  abandonment  of  agriculture  is  in  need  of  planting, 
because  it  is  beyond  the  reach  of  natural  seedfall.  Of  all  land  in 
private  ownership  recently  cut  over  in  the  southern  region  (i.e.,  up 
to  1953  from  Texas  to  North  Carolina)  1  acre  out  of  every  5  is 
classed  as  being  low  in  productivity.  The  obvious  way  to  offset  low 
yields  from  depleted  lands  is  not  to  acquire  more  acres,  but  to  in- 
crease the  per-acre  yield.  Where  poor  production  has  resulted  from 
the  encroachment  of  inferior  hardwoods  or  from  littleleaf  disease 
among  the  shortleaf  pine  associates,  planting  and  subsequent  release 
may  be  used  to  reestablish  pine.  Loblolly  pine  would  be  the  species 
selected  to  plant  on  much  of  this  land,  or  at  least  it  would  be  a  close 
second  where  slash  pine  is  desired  for  the  next  crop. 

Forest  planting  increased  in  the  South  during  the  conservation 
programs  of  the  nineteen  thirties  and  again  in  the  late  forties,  result- 
ing in  nearly  1%  million  acres  of  small  plantations  with  not  less 
than  400  trees  per  acre  surviving  at  5  years.  About  29  million  more 
acres  remain  to  be  planted  in  the  Southeast  and  Gulf  coast  region. 
Most  of  this  open  area  can  be  reforested  with  reasonable  assurance 
of  success  and  is  capable  of  producing  loblollv  pine. 

On  areas  under  active  forest  management  the  trend  in  recent 
years  has  been  toward  even-aged  stands  and  short  rotations.  Then 
artificial  methods  become  more  important  as  a  means  of  avoiding 
delay,  if  they  are  not  actually  adopted  as  the  primary  regeneration 
procedure. 

Loblolly  pine  was  first  planted  extensively  in  1920-25  when  the 
Great  Southern  Lumber  Company  reforested  more  than  7,000  acres 
near  Bogalusa,  La.  (Hayes  and  Wakeley  1929).  Later  the  Enoree 
and  Long  Cane  districts  of  the  Sumter  National  Forest  each  set  out 
about  10,000  acres  in  South  Carolina.  Now  all  states  and  some 
forest  industries  are  becoming  increasingly  active.  Georgia  produces 
about  40  million  loblolly  pine  seedlings  annually  for  planting  within 
the  state. 
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Loblolly  pine  has  proved  to  be  a  superlative  species  for  land  re- 
habilitation and  is  being  planted  for  this  purpose  on  an  enormous 
scale.  Over  50  million  trees  are  hand  planted  annually  in  north 
Mississippi  for  the  Yazoo-Little  Tallahatchie  flood  prevention  project 
and  elsewhere  in  the  Tallahatchie  research  center  area.  Loblolly 
pine  can  be  used  to  revegetate  denuded  soils  with  or  without  pre- 
liminary site  preparation,  depending  on  the  degree  of  erosion.  Even 
if  the  worst  eroded  spots  fail,  enough  trees  usually  survive  on  the 
remnants  of  better  soil  and  on  sandbars,  to  reduce  erosion  and  run- 
off significantly.  Then  a  progressive  healing  process  starts  and  con- 
tinues as  long  as  the  area  is  undisturbed. 

Loblolly  pine  planting  stock  is  usually  available  from  state  nurs- 
eries at  cost  if  orders  are  placed  well  in  ad\Tance.  Hand  planting  re- 
quires from  5-  to  13-man  hours  per  acre  depending  on  the  number 
of  trees  set  out  (table  20).  Mechanized  planting,  faster,  cheaper, 
and  equally  good,  should  be  used  wherever  available  machines  can 
be  operated.  Tree  planting  machines  can  be  leased  or  borrowed 
by  many  farmers  having  the  tractors  and  labor  to  use  them.  Machine 
planting  costs  under  contract  (1954  to  1958)  varied  from  $4.50  to 
$15.00  per  1,000  trees  in  Louisiana  and  South  Carolina.  The  lower 
costs  were  for  planting  on  old  fields.55 

Mean  annual  increment  in  volume  of  wood  from  full  stands  ex- 
pected in  the  first  20  years  after  planting  open  lands  is  from  1*4  to 
2  cords  or  more  per  acre.  For  example,  four  18-year-old  plantations 
on  site  class  80  in  Virginia  averaged  1%  cords  per  acre. 

For  tracts  organized  for  sustained  yield  under  even-aged  man- 
agement the  cost  of  the  growing  stock  and  of  planting  bare  land  may 

Table  20. — Cost  of  planting  one  acre  by  dibble1 


Spacing  (feet)  Seedlings  Stock2  Labor3  Total  cost^ 


Number  Dollars  Dollars  Dollars 

6x6   1,210  5.26  12.80  18.06 

6x8   910  3.96  9.71  13.67 

6  x  10   725  3.15  7.74  10.89 

8  x  8   680  2.96  7.26  10.22 

6  x  12   605  2.63  6.45  9.08 

10  x  10   435  1.89  4.64  6.53 


1  Pine  Planter's  Guide,  Florida  Forest  Service,  June  1958. 

2  Based  on  $4.35  per  thousand  ($4  for  seedlings  and  $0.35  for  shipping). 

3  Two  men  at  $8  each  per  8-hour  day,  planting  1,500  seedlings,  or  $10.67  per  M  seedlings. 

4  Total  cost,  $15.02  per  M  seedlings. 

55  The  cost  for  the  recent  planting  of  17.5  million  seedlings  on  "  critical 
sites"  on  the  Yazoo-Little  Tallahatchie  watershed  in  Mississippi  was  $9.19  per 
M.  This  figure  excludes  the  investment  in  seedling  stock  and  is  based  on  wages 
of  $1.06  per  hour  for  the  planters.  The  trees  were  spaced  about  4  by  4  within 
gullies  and  6  by  8  elsewhere. 
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be  charged  against  current  income.  Without  recognition  of  this  sus- 
tained-yield status  the  planting  costs  must  be  carried  forward  at 
interest.  The  interest  charges,  if  any,  and  the  spacing  of  the  trees, 
if  close,  increase  the  cost  and  lower  the  profits.  The  returns  per 
acre  from  irregular  natural  stands  of  loblolly  pine  may  be  only  y2 
to  %  as  much  as  from  an  equal  number  of  planted  trees.  Planta- 
tions on  good  sites  respond  well  to  frequent  light  thinnings.  "Where 
continuous  cover  is  desired,  plantations  on  sites  having  a  site  index 
of  70  or  more  may  be  thinned  first  at  15  years  and  then  at  3 -year 
intervals  until  30  or  35  years  old  and  at  5-year  intervals  thereafter. 
However,  where  maximum  rates  of  growth  on  individual  stems  is 
sought,  heavier  and  less  frequent  thinning  is  better.  Reynolds 
(1939b)  suggests  thinning  about  every  8  years,  for  instance  at  ages 
20,  28,  36,  and  44. 

Finally,  the  financial  aspect  of  growing  pines  is  greatly  affected 
by  the  choice  of  products  and  rotation.  Consider,  for  example,  the 
following  three  management  options:  (1)  Clear  cut  for  pulpwood  at 
20  years,  (2)  thin  for  pulpwood  and  clear  cut  for  saw  logs  at  40 
years,  and  (3)  thin  for  pulpwood  or  sawtimber  and  clear  cut  for 
saw  logs  at  60  years.  The  estimated  mean  annual  dollar  returns 
from  handling  loblolly  pine  in  this  manner  are  (1)  $3.14,  (2) 
$10.12,  and  (3)  $11.79  per  acre  (Va.  For.  Ser.  1954). 

CHOICE  OF  SPECIES  AND  SITE 

The  feasibility  of  using  loblolly  pine  to  substitute  for,  or  asso- 
ciate with,  other  species  varies  with  local  situations  and  the  relative 
capacity  of  the  species  to  survive,  resist  injury,  and  grow  under 
competition. 

On  some  dry  but  easily  eroded  sites,  where  the  growth  of  timber 
trees  is  no  object,  shortleaf  pine  may  be  a  satisfactory  type  of  cover 
to  retain  the  soil,  though  loblolly  is  currently  the  preferred  species 
for  most  rehabilitation  planting  because  of  its  greater  vegetative 
vigor.  Although  the  composition  of  the  original  forest  is  often  ac- 
ceptable as  an  indication  of  the  best  species  to  plant,  some  exceptions 
to  this  rule  should  be  recognized.  For  example  a  quick-growing  crop 
of  loblolly  pulpwood  may  be  had  on  some  abandoned  hilltop  fields 
originally  in  shortleaf  pine.  Contrary  to  early  published  reports 
loblolly  pine  is  not  more  exacting  in  its  site  requirements  than 
shortleaf  pine.  Even  on  dry  sands,  gravel  outcrops,  or  impervious 
clays,  loblolly  pine  generally  outgrows  shortleaf  pine  for  at  least 
15  or  20  years — sometimes  for  60  to  80  years.  Loblolly  pine  excelled 
shortleaf  in  comparably  spaced  plantations  during  a  14^ear  test  in 
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Georgia.  Loblolly  pine  made  16  percent  more  diameter  growth,  25 
percent  more  basal  area,  and  46  percent  more  growth  in  merchantable 
volume  than  the  shortleaf  pine  (  Jackson  1958). 

Wherever  longleaf  pine  originally  stood  it  can  be  grown  again  if 
desired.  It  should  be  the  first  choice  in  reforestation  of  most  of  the 
sandhills  if  saw  logs  are  desired.  After  the  soil  variations  there  are 
properly  classified,  places  may  be  located  where  slash  or  loblolly 
pines  can  make  satisfactory  growth  on  short  rotations.  It  has  been 
observed  that  the  top  6  inches  of  soil  consists  of  only  9  percent  very 
fine  sand  on  grass  areas  and  22  percent  where  loblolly  pine  stands. 
As  the  soil  becomes  coarser  loblolly  pine  does  less  well  and  longleaf 
is  superior.  However,  on  all  sites  originally  occnpied  by  hardwoods 
and  loblolly,  this  pine,  not  longleaf.  should  prove  most  profitable. 

As  compared  (Townsend  1949.  Hansbrough  1956)  with  slash  pine 
in  central  Louisiana,  loblolly  pine  survival  is  higher  dnring  its  first 
5  or  10  years  after  planting,  resistance  to  injury  by  ice  or  disease 
better,  and  growth  rate  faster  during  the  first  23  years  (Muntz 
1948b,  Mann  1953a).  Severe  early  infestations  of  loblolly  pine 
plantations  by  tip  moth  commonly  cause  some  retardation  of  height 
growth,  but  by  10  years  of  age  little  effect  of  the  early  attack  re- 
mains. Loblolly  pine  on  deep  surface  soil  or  permeable  subsoil  is 
superior  to  slash  pine  in  many  ways  as  follows : 

Ten  years  after  -planting 

Slash  pine  Loblolly  pine 

Survival,  percent   62  76 

Fusiform  on  trunk,  percent   17.8  5.6 

Ice  damage,  percent   34 . 3  5.2 

Average  d.  b.  h..  inches   3.2  3.6 

Average  height,  feet   20 . 5  21.5 

These  initial  differences,  rather  small  but  consistently  in  favor  of 
loblolly,  have  been  observed  also  in  Georgia.  Alabama  (Stahelin 
1946.  Goggans  1949).  Mississippi,  and  North  Carolina.  In  fact  on 
several  different  flatwoods  soils  the  initial  survival  of  loblolly  pine 
is  above  the  averages  for  each  of  three  other  southern  yellow  pines: 

Survival  in  May  after  planting  in  January 

Soil  series  and  topographic  Loblolly        Slash  Sand  Longleaf  Mean 

situation  'percent)  < percent)  (percent)  (percent)  (percent) 

Blanton,  ridge   92  87  89  58  81.5 

Leon  i  hardpan),  high  flat  wood.       93  84  82  77  84. 0 

Leon  (soft  pan),  low  flat  wood.         89  67  59  65  70.0 

Plummer,  pone1  margin   94  88  65  78  81.2 

Mean   92  81.5  73.8         69.5  79.2 

The  high  survival  of  loblolly  pine  and  its  outstanding  superiority 
in  early  growth  over  these  species,  as  well  as  shortleaf  and  Virginia 
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pine,  have  likewise  been  demonstrated  on  a  ridgetop  in  Lafayette 
County,  Mississippi. 

Despite  better  early  survival,  however,  loblolly  pine  does  not 
excel  slash  pine  in  its  Gulf  coastal  "flatwoods"  domain  where  sandy 
or  fine  sandy  loam  soils  are  underlain  at  4  to  8  inches  by  stiff  sub- 
soils, or  where  the  water  table  remains  high  for  long  periods.  In 
such  locations  slash  pine  outgrows  loblolly  pine. 

Regardless  of  soil  and  location  at  some  points  beyond  the  nat- 
ural range,  resulting  in  high  or  low  survival,  the  height  growth  of 
planted  loblolly  pines  during  the  first  10  years  has  averaged  2  to  3 
feet  annually  (Minckler  1948,  Rhodes  1953,  et  al.) .  At  best  in  the 
Central  States  it  has  attained  17  to  19  feet  of  merchantable  length 
in  5-  to  6-inch  stems  and  32  to  38  feet  in  total  height  in  13  years. 
After  30  years  the  rate  of  height  growth  declines  to  1.5  feet  or  less 
annually.  When  survival,  growth,  thrift,  and  resistance  to  damage 
are  all  considered,  the  superior  adaptability  of  loblolly  pine  to  diverse 
sites  has  been  repeatedly  manifest. 

Loblolly  pine  shows  versatility  when  introduced  in  afforestation 
or  used  to  reforest  areas  where  the  air  was  poisoned  or  the  soil  dev- 
astated by  the  mining  industry.  In  the  denuded  Copper  Basin  of 
Tennessee,  although  its  survival  was  only  30  percent,  loblolly  pine 
grew  better  than  pitch,  shortleaf,  or  Virginia  pine,  adding  1.2  feet 
per  year  (Allen  1950).  Loblolly  pine  in  Alabama  excels  longleaf 
and  shortleaf  pines,  and  white  ash,  in  the  revegetation  of  "  spoil 
banks"  on  strip-mined  lands,  surviving  76  percent  and  growing  1.9 
feet  annually  during  10  years  (Freese  1951).  On  the  wet  margins 
of  ponds  adjacent  to  the  spoil  banks,  however,  sycamore  is  a  more 
promising  species. 

MIXED-SPECIES  PLANTATIONS 

Planting  experience  has  disclosed  pitfalls  in  many  efforts  to  bene- 
fit from  silvical  advantages  such  as  superior  resistance  to  certain 
diseases  or  insects  in  mixed  stands.  Small  juvenile  inequalities  be- 
tween species,  otherwise  suited  to  a  planting  site,  have  rather 
promptly  ruined  many  attempts  to  produce  mixed  stands.  Other 
attempts  have  failed  in  later  stages.  A  6-acre  alternate-strip  mixture 
of  loblolly  pine  and  black  locust  was  dominated  by  the  pines  in  17 
years  (Bruner  1955).  By  then  the  pines  were  9.7  inches  in  d.b.h. 
and  46  feet  tall,  whereas  the  locust  were  1.2  inches  and  10  feet. 
When  over  half  the  locusts  had  died,  pine  reproduction  took  over 
the  available  space.  Elsewhere,  because  of  a  slow  start,  white  pines 
have  similarly  failed  to  compete  with  loblolly  pine. 
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Mixtures  that  somehow  survive  the  keen  competition  of  early 
life  may  be  difficult  to  manage  later.  Loblolly  and  longleaf  pines 
in  mixture  are  a  good  example.  If  there  is  to  be  any  natural  re- 
generation, these  two  species  must  always  be  grown  separately,  the 
longleaf  pine  pure,  the  loblolly  pine  as  pure  as  can  be  attained  against 
persistent  hardwoods  (Chapman  1953).  The  reason  lies  in  their 
divergent  requirements  for  reproduction,  especially  the  opposite  re- 
sults from  burning  over  the  forest  floor.  Complete  stocking  of  long- 
leaf  cannot  be  secured  by  burning  without  exterminating  loblolly 
pine  seedlings.  And  if  fire  is  kept  out,  a>  it  should  be.  during  the 
first  S  or  10  years  after  the  loblolly  pine  has  reseeded  an  area,  then 
the  associated  longleaf  pine  seedlings  will  in  turn  be  eliminated  by 
shade  and  the  brownspot  disease. 

Loblolly  pine  and  yellow-poplar  have  enough  similarly  desirable 
silvieal  characteristics  to  suggest  that  they  might  possibly  be  grown 
in  mixture  to  good  advantage  in  some  places.  Loblolly  pine  exceeds 
yellow-poplar  on  shallow  and  medium  soils ;  yellow-poplar  grows 
faster  on  the  better  sites.  Height  growth  is  equal  on  well-drained 
Piedmont  bottom  lands  of  index  90.  On  deep  soil,  with  nearly  equal 
diameter  growth  and  stem  form,  they  each  produce  two  clear  logs 
at  30  years  (Hocker  1953).  Such  parallel  development  suggests  that 
they  might  be  compatible  if  planted  in  a  checkerboard  pattern  of  25- 
tree  squares.  Any  more  intimate  association  on  the  ground  is  in- 
advisable. 

Generally,  species  with  distinctly  different  rates  of  growth  should 
not  be  planted  together. 

SEED  SOURCE 

An  estimated  half  a  million  dollars  is  lost  annually  through  plant- 
ing loblolly  pine  of  improper  geographic  origin  within  its  native 
range.  The  chance  of  such  loss  is  even  greater  outside  the  range. 
Before  pines  are  introduced  in  localities  where  climate  and  soil  differ 
widely  from  those  in  the  native  habitat,  the  suitability  of  various 
sources  of  seed  should  be  tested.  Available  sources  must  be  considered 
by  regions  within  the  framework  of  existing  strains. 

The  work  of  discovering  and  identifying  existing  hybrids  and 
racial  strains  in  southern  Liiited  States  as  prerequisites  to  a  pro- 
gram of  tree  improvement  is  just  beginning.  Some  of  the  current 
findings  may  benefit  seed  collectors.  Intermediate  forms  between 
the  typical  loblolly  and  shortleaf  pines  are  common.  It  has  not  been 
determined  whether  these  result  from  overlapping  of  the  normal 
variations  in  species  characteristics  or  whether  they  are  natural  hy- 
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brids.  The  usual  discrepancy  in  time  of  flowering  that  normally 
prevents  natural  crossing  may  not  apply  in  years  with  unusual 
weather,  thus  permitting  interspecies  crosses    Zobel  1953  . 

On  the  Gulf  coast  Wakeley  1 1953b  has  demonstrated  that  the 
effect  of  geographic  source  of  seed  on  net  growth  under  intense 
competition  in  row  planting  may  outweigh  anything  except  cata- 
strophic injury.  At  15  years  the  yield  from  Louisiana  stock  was 
14.2  cords  whereas  that  from  Georgia  was  only  6.5  cords  Wakeley 
1914a  >.  The  Georgia  stock  suffered  more  from  fusiform  rust.  At 
28  years  the  yield  front  Louisiana  stock  has  reached  50.7  cords. 
Georgia  stock  23.2  cords,  and  Arkansas  stock  12.7  cords    fisr.  -44 


s: 


VOLUME  OF  TREES 


LOUISIANA  TEXAS  GEORGIA  i.=  <A\SAS 

SOURCE  OF  SEED 


riGUBE  4A. — Total  wood  production  per  acre  by  geographic  source  of  seed;  2Sth 
year  of  measurement  of  loblolly  pine  plantations  at  Bogalusa,  La. 

Seed  source  influences  the  rate  of  growth  and  resistance  to  disease 
in  loblolly  pine.  In  Maryland  seedlings  from  local  seed  survive 
better  but  grow  more  slowly  than  those  from  southern  sources.  Seed- 
lings from  northern  seed  may  or  may  not  survive  as  well  as  those 
from  local  seeds  on  the  Gulf  coast,  but  they  do  grow  more  slowly 
Wakeley  1953b  .  From  among  seedlings  that  were  half  a  foot  high 
Avhen  planted  at  4  locations  in  the  Tennessee  Valley,  those  from 
Alabama  seed  were  3.1  feet  tall  and  the  ones  from  Maryland  only 
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2.3  feet  tall  2  years  later  (Cummings  1952a).  Although  initial  sur- 
vival within  the  range  of  the  species  usually  is  little  affected  by 
geographic  source  (Wakeley  1952),  first -year  survival  has  been  dis- 
tinctly higher  for  certain  drought-resistant  strains  of  loblolly  pine 
planted  in  Texas,  and  on  upland  old  fields  of  southern  Illinois  lob- 
lolly pine  seed  from  its  more  southerly  sources  (e.g.,  Mississippi) 
suffered  serious  freeze  damage  (Minckler  1950,  1951).  Nor  are 
Atlantic  Coastal  Plain  sources  recommended  for  plantings  outside 
the  natural  range  as  for  example  in  the  Tennessee  Valley  (Wiese- 
huegel  1955). 

Many  striking  differences  among  individual  trees  result  from  their 
immediate  environment  rather  than  from  inheritance  and  are  not 
necessarily  lifelong.  Although  the  greater  food  reserves  in  large 
seeds  give  seedlings  an  initial  advantage,  the  benefits  have  not  been 
shown  to  improve  either  survival  or  height  growth  of  loblolly  pine 
seedlings  much,  if  any,  beyond  the  first  year.  Reynolds  (1952b) 
has  shown  that  the  logs  produced  by  suppressed  trees  that  trebled 
their  diameter  growth  during  40  years  following  release  are  of  good 
quality  for  lumber.  At  the  other  extreme  the  poor  quality  (i.e., 
knotty)  lumber  from  most  "wolf"  trees,  acquired  merely  because 
they  were  open  grown,  may  not  be  inherited.  Preference,  however, 
should  be  given  seed  from  trees  of  superior  form  whenever  such 
seed  is  available. 

Heritable  drought  resistance,  caused  by  natural  selection  or  pos- 
sibly mutation,  is  most  likely  to  be  found  where  trees  have  endured 
drought  for  generations,  such  as  in  the  "Lost  Pine"  area  in  Bastrop 
and  Caldwell  Counties  of  Texas,  a  western  outpost  of  loblolly  pine. 
On  dry  sandy  sites  seedlings  from  seed  of  that  area  have  survived 
95  percent  in  contrast  to  8  percent  from  a  Florida  seed  source 
(Zobel  and  Goddard  1955). 

In  Lafayette  County,  Mississippi,  differences  in  height  of  loblolly 
pines  from  8  geographic  seed  sources  ranged  from  29  to  49  inches 
3  years  after  planting  (Huckenpahler  1953a).  Many  of  the  scat- 
tered trials  are  now  being  succeeded  by  coordinated  tests  of  seed 
source.  In  1951  loblolly  pine  seeds  from  15  sources  were  collected 
for  systematic  observation  of  test  plantations  throughout  the  range 
of  the  species.  If  4  out  of  5  of  these  can  survive  to  near-merchant- 
able size,  they  should  do  much  to  resolve  the  old  question  about  the 
best  sources  of  seed  for  local  use  (Wakeley  1953a). 

Meanwhile  the  realization  of  the  importance  of  seed  source  has 
led  to  recent  changes  in  nursery  practice:  seedlings  are  being  kept 
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separate  by  seed  source  so  that  the  planting  stock  can  be  delivered 
to  the  general  area  of  each  state  from  which  the  seed  was  obtained. 

The  policy  of  the  U.  S.  Forest  Service  is  to  limit  collections  to 
places  less  than  100  miles  away  and  less  than  1.000  feet  different  in 
elevation  from  the  planting  site.  There  is  an  increasing  tendency  to 
gather  cones  locally  or  obtain  them  from  a  climatically  similar  source. 
The  admonition  to  use  only  local  seed  is  a  sound  generalization  that 
can  be  made  more  precise  as  the  results  of  current  provenance  tests 
accumulate  ^Yakeley  1953a).56 

SEED  PROCUREMENT 

Cones  are  commonly  obtained  for  forest  organizations  (1)  by 
regular  employees,  (2)  by  purchase  in  bushel  units,  or  (3)  by  con- 
tract. The  first  method  affords  by  far  the  best  control  of  quality 
of  tree  from  which  loblolly  pine  seeds  are  taken.  It  also  assures 
postponement  of  collection  until  the  cones  are  mature.  The  need 
for  seed  should  be  anticipated  so  that  collections  can  be  properly 
located  and  timed.  A  logging  operation  in  a  thrifty  stand  of  cone- 
bearing  trees  is  a  favorable  place;  a  good  seed  year  an  opportune 
time. 

Collection  from  felled  trees  is  most  economical,  but  in  a  short  seed 
year  too  few  loblolly  pines  are  harvested  to  supply  the  need  for 
cones,  and  many  trees  must  be  climbed.  Also  in  some  poor  seed  years 
only  10  percent  of  the  seeds  may  be  viable ;  hence  many  more  cones 
are  needed.  Good  years  are  best  for  collection  as  there  are  not 
onlv  more  viable  seeds  per  cone,  but  also  more  sound  cones  per 
tree.  Even  then,  however,  there  is  frequently  a  local  shortage  of 
logging  operations  in  stands  that  are  satisfactory  for  seed  collection. 
Unless  timber  harvest  schedules  can  be  modified  to  supply  the  need 
for  seed,  the  cones  have  to  be  picked  from  standing  trees.  It  is  best 
to  avoid  the  possibly  unfavorable  heritable  characteristics  often  as- 
sociated with  short  scrubby  trees,  or  limby  wolf  trees,  whose  cones 
are  most  readily  accessible.  To  lighten  the  labor  of  using  long 
ladders  or  spurless  tree  climbers,  and  to  gather  cones  from  the  very 
best  and  tallest  trees,  further  improvement  in  equipment  is  desirable. 
Eventually,  in  the  absence  of  an  aerial  approach,  high  lift  machinery 
may  be  used  in  valuable  seed  orchards.  In  any  event  benefits  from 
selective  hand  picking  may  be  realized  in  the  form  of  enhanced 
quality  in  future  crop  trees  (Wakeley  1954a). 

56  Xo  significant  differences  were  noted  recently  (Crow  1958^  in  seedlings 
from  seeds  collected  20  to  180  miles  away  from  a  planting  site  in  Louisiana. 
The  rule,  however,  should  be  followed  until  the  validity  of  exceptions  can  be 
proved. 
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Collection  of  cones 

Predictions  of  cone  crop  yields  from  loblolly  pine  are  highly 
useful.  Trousdell  (1950c)  has  reported  on  a  simple  cone-ratio  method 
of  forecasting  the  good  years  and  locating  suitable  areas  and  quotas 
for  collection.  A  count  taken  in  May,  6  months  before  seedfall,  gives 
a  convenient  check  on  the  current  crop,  and  one  in  September  pro- 
vides an  estimate  for  the  year  ahead.57  Eegardless  of  the  method 
used  to  estimate  a  seed  crop,  collection  crews  must  be  ready  to  act 
promptly  as  the  cones  ripen. 

Collectors  must  avoid  gathering  cones  that  are  defective  or  too 
green.  Despite  repeated  warnings  this  precaution  is  frequently 
violated.  When  some  cones  are  opening  on  many  individual  trees 
the  crop  is  ready  to  harvest.  Because  ripening  time  for  cones  varies 
less  within  trees  than  between  them,  one  method  of  collection  is  to 
work  over  each  stand  2  or  3  times  to  pick  cones  as  they  ripen.  As 
a  general  rule  cones  are  ready  to  gather  when  their  specific  gravity, 
measured  within  10  minutes  after  they  are  picked  from  the  trees,  has 
dropped  to  0.88.  This  point  usually  is  reached  early  in  October. 
The  simplest  test  for  maturity  is  to  see  whether  freshly  picked  sound 
cones  will  float  in  a  liquid  having  a  specific  gravity  of  0.88,  such  as 
SAE  20  lubricating  oil  (Wakeley  1954a)  or  a  1  to  4  mixture  of 
kerosene  and  raw  linseed  oil.  When  19  out  of  20  cones,  one  apiece 
from  each  of  20  randomly  selected  trees,  pass  this  test,  the  crop  as 
a  whole  is  mature,  and  should  be  collected  immediately  to  avoid 
loss  of  seed  when  cones  open.  Wormy  cones  should  never  be  col- 
lected unless  seed  is  very  scarce  because  they  yield  only  %  to  %  as 
much  seed  as  sound  cones  (Wakeley  1938). 

A  bushel  of  green  cones  weighs  from  26  to  35  pounds,  averaging 
32,  and  contains  393  to  1,080  cones,  averaging  500.  This  excludes 
the  large  cones  of  very  young  trees  and  the  small  ones  of  very  old 
trees  (Wakeley  1930  and  1938).  The  numbers  of  seeds  per  cone 
are  likewise  variable,  averaging  110  in  heavy  crop  years  when  trees 
average  150  cones  each.  In  a  light  crop  there  may  be  only  30  seeds 
per  cone.  An  over-all  average  would  be  57  sound  seeds  per  cone 
(Wenger  1958). 

Extraction  from  cones 

Correct  handling  in  collection,  extraction,  dewinging,  and  drying 
of  seed  is  essential  to  maintain  its  viability.  The  closed  cones,  how- 
ever, may  be  handled  roughly  without  injuring  the  seed.    Any  im- 

57  For  details  of  making  such  forecasts  see  section  on  cones  in  chapter  4, 
Natural  Regeneration. 
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pact,  short  of  crushing  them,  will  not  affect  the  rate  or  percentage 
of  germination  of  the  seeds  (Lyle  and  Gilmore  1958). 

Although  the  specific  gravity  test  for  maturity  of  pine  cones 
works  well  at  the  time  of  collection  and  should  be  used,  collectors 
sometimes  harvest  immature  cones.  After  green  cones  are  picked 
and  have  been  held  for  later  delivery  there  is,  unfortunately,  no 
certain  way  to  determine  ripeness  by  field  inspection.  Seeds  taken 
from  green  cones  can  be  identified  under  magnification  by  the 
shrunken  endosperm.  Some  usable  seed  can  be  extracted  from  im- 
mature cones  if  they  are  mechanically  compressed  by  rollers.  "With 
the  opening  mechanism  out  of  order  from  drying,  sprinkling  the 
cones  with  water  after  they  have  been  rolled  will  often  reactivate 
the  mechanism  (Foster  1956a). 

Air  drying  to  open  cone  scales  and  release  the  seed  takes  from  2 
weeks  to  3  months,  and  kiln  drying  only  6  to  48  hours  (U.S.F.S. 
1948a.  Wakeley  1948d.  1954a ).  Extraction  by  artificial  heat  saves 
space  as  well  as  time  and  in  large  operations  usually  gives  higher 
yields.  A  short  period  of  partial  air  drying  without  heat  is  recom- 
mended for  cones  that  have  been  picked  prematurely,  to  avoid  the 
tendency  of  such  cones  to  caseharden  and  remain  closed  in  the  kiln. 
Xo  precuring  is  necessary  for  ripe  cones.  Kilns  should  have  a  good 
circulation  of  air  not  exceeding  120°F.  (Wakeley  1935b).  Seed  can 
be  extracted  in  lumber  dry  kilns  if  suitable  methods  of  handling  the 
cones  can  be  arranged.  Precautions  are  needed  to  protect  the  kiln 
from  fire  and  the  seeds  from  rodents. 

Modern  kilns,  equipped  with  forced  draft  high  volume  reversible 
fans,  can  dry  a  layer  of  cones  of  considerable  depth  provided  suffi- 
cient space  is  allowed  for  expansion  as  the  cones  open.  A  2-  by  4-foot 
rack  will  hold  half  a  bushel  of  cones.  The  trays  need  a  6-inch 
clearance,  bottom  to  bottom,  as  green  cones  double  or  triple  their 
volume  as  they  open.  The  moisture  lost  by  cones  in  drying,  in  per- 
cent of  their  dry  weight,  varies  from  54  to  93,  averaging  74. 

Most  seeds  drop  out  readily  when  the  cones  are  dry.  but  they 
may  need  to  be  tumbled  to  extract  them  all.  There  are  two  kinds  of 
tumblers,  the  intermittent  and  the  continuous  action.  Either  can 
be  revolved  by  hand  or  by  machine. 

The  yield  of  clean  dewinged  seed  per  bushel  of  unopened  sound 
cones  ranges  from  0.25  to  1.50  pounds,  with  an  average  of  1  pound 
(Wakeley  1954a).  A  hundred  pounds  of  fresh  cones  yields  2  to  3 
pounds  of  cleaned  seed  (U.S.F.S.  1948a).  Kubbing  dry  seed  with 
moistened  hands  is  a  safe  way  to  remove  the  wings,  but  too  slow. 
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Nurseries  require  machines;  popcorn  polishing  devices  may  be  used. 
The  progressive  type  of  dewinging  machine,  if  not  in  proper  ad- 
justment, may  fracture  seed  coats  and  lower  the  germination  of 
loblolly  pine  seeds  37  percent  (T.Y.A.  test). 

Dewinging  and  cleaning  usually  reduce  weight  by  15  percent. 
Without  wings  the  number  of  clean  seeds  per  pound  is  16.000  to 
25,000,  averaging  18,100.  Pine  needles  are  most  readily  removed 
before  the  cones  open.  Final  cleaning  requires  a  mill  with  oscillat- 
ing screens  to  remove  other  impurities,  and  an  air  blast  to  expel  light 
trash  and  empty  seeds.  Errors  in  handling  seed  may  reduce  the 
vitality  so  essential  to  successful  storage. 

Storage  of  seed 

The  problem  of  storage  is  to  keep  as  many  loblolly  pine  seeds  alive 
as  possible.  Living  seeds  respire,  i.e..  they  use  stored  food  and 
oxygen  and  liberate  carbon  dioxide,  water,  and  heat.  Mortality 
often  results  from  storage  conditions  that  speed  up  this  process. 
The  purpose  of  proper  storage  is  to  hold  seed  in  a  stable  state  of 
rather  low  respiration  and  of  insensitivity  to  minor  environmental 
changes  over  relatively  long  indefinite  periods.  A  reduction  in  seed 
moisture  content  by  methods  that  will  not  injure  the  seed,  such  as 
air-drying  before  a  fan  in  the  sun.  is  distinctly  beneficial  in  keeping 
seeds  alive.  Dry  cold — i.e..  under  20 °F. — is  the  most  effective  en- 
vironment in  which  to  store  loblolly  pine  seed.  A  temperature  close 
to  5°F.  in  long  storage,  aids  materially  in  preventing  deterioration 
for  at  least  6  years  (Barton  19351. 

Although  the  drying  process  may  safely  be  completed  in  a  re- 
frigerator, a  rise  or  fluctuation  in  moisture  content  during  cold 
storage  should  be  avoided  (Wakeley  1951a).  Sealing  the  seeds 
against  moisture  is  harmful  unless  the  seed  has  been  dried  approx- 
imately to,  or  preferably  slightly  below.  10  percent  moisture  con- 
tent, and  even  then  is  needed  only  when  the  cold  storage  place  is 
humid  enough  to  raise  the  moisture  content  above  this  level.  Yacuum 
sealing  is  not  worth  while  (Wakeley  1917a). 

Wakeley  (1951a)  emphasizes  that  "maintaining  a  favorable  com- 
bination of  temperature  and  seed  moisture  content  (the  latter  often 
through  choosing  the  right  container  )  is  far  more  important  to  suc- 
cessful storage  than  is  choice  of  temperature,  initial  seed  moisture 
content,  or  container  alone.'7  The  moisture  content  of  seeds  in 
equilibrium  with  various  combinations  of  temperature  and  humidity 
are  reported  in  detail  by  Wakeley  (1951a,  fig.  17,  p.  46). 
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Germinative  capacity 

Prompt  and  complete  germination  aids  nursery  practice  because 
fewer  loblolly  pine  seeds  need  be  sown,  a  uniformly  full  stand  de- 
velops early,  and  this  reduces  mortality  in  seedbeds.  Such  loss  is 
less,  first  because  seedling*  shade  checks  heat  injury  at  the  soil  sur- 
face and  later  because  there  is  less  room  for  weeds  to  grow  (Barton 
1928). 

Nurserymen  and  foresters  doing  direct  seeding  need  reports  on 
germinative  capacity  before  sowing  their  seed.  Makeshift  estimates 
of  seed  viability  based  on  cutting  or  hammer  tests  show  values  much 
too  high.  There  is  no  proved  shortcut  or  substitute  for  a  germina- 
tion test  for  each  separate  lot  of  seed.58 

The  reason  tests  are  needed  lies  in  the  variation  in  germination 
usually  encountered.  That  variation  is  wide  because  it  originates 
from  diverse  conditions  both  biological  and  mechanical.  The  ability 
of  pine  seed  to  sprout  has  been  observed  to  increase  with  maturity 
of  cones.  In  mature  timber  the  viability  of  seed  from  a  given  stand 
may  vary  with  its  yield  from  year  to  year  as  follows  (Wenger  and 
Trousdell  1958)  : 

Seedfall  per  acre  Range  in  seed  viability 

( thousands)  (percent) 

100   44_49 

200    50-54 

300...   56-59 

400   62-64 

500   69 

600   74-75 

700     79-81 

Another  source  of  difficulty  arises  from  delayed  germination  and 
dormancy  found  in  some  batches  of  pine  seed.  To  correct  this  con- 
dition before  sowing  probably  half  the  loblolly  pine  seed  collected  in 
the  South  needs  a  stratification  treatment.  Unfortunately  this  need 
is  undetectable  as  yet  without  actual  trial,  hence  each  lot  needs  to 
be  double  tested,  that  is  both  with  and  without  stratification.  With- 
out this  precaution  the  different  degrees  of  dormancy  are  an  addi- 
tional source  of  variation  in  germinability.  Errors  in  processing 
seed  add  to  this  variablity.  Seed  from  the  same  source  may  be  10 
percent  viable  as  delivered  by  one  processor  and  90  percent  viable  if 
obtained  from  another. 

Such  differences  are  not  readily  detected  by  amateurs  who  at- 

58  When  seeds  are  sliced  and  immersed  for  24  hours  in  a  chemical  solution— 
1  percent  tetrazolium  chloride  in  distilled  water— the  embryos  of  the  living  seeds 
turn  red.  By  this  means  an  estimate  of  germinative  capacity  can  be  obtained 
in  48  hours. 
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Figuee  45. — Stratification  at  39°  F.  as  a  presowing  treatment  both  hastened 
and  increased  germination  of  these  loblolly  pine  seeds  which  showed  87 
percent  apparently  sound  embryos  in  a  cutting  test  (Barton  1928). 

tempt  to  test  their  own  seeds,  for  they  lack  the  control  facilities 
essential  to  accurate  determinations.  Hence,  testing  should  be  done 
by  qualified  technicians  at  a  central  forest  seed  laboratory  like  the 
one  at  Macon,  Ga. 

For  loblolly  pine  75  to  90  percent  viability  represents  first 
quality  seed.  60  to  75  percent  mediocre,  and  below  60  percent  poor 
capacity  to  germinate. 

Gerniinative  energy  can  be  increased  if  necessary,  and  its  irreg- 
ularity reduced,  by  cool  moist  after-ripening.  Cold  stratification 
for  at  least  30  days  in  wet  granulated  acid  peat  moss  is  -an  effective 
presowing  treatment  (U.S.F.S.  1948a).  The  moisture  content  of  a 
medium  for  stratification  preferably  should  be  above  25  percent  of 
its  moisture  holding  capacity  and  the  temperature  between  35°  and 
38°F.    The  object  of  chilling  is  not  only  to  prevent  heating,  but  also 
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to  mobilize  food  reserves  and  induce  activity  of  the  embryo.  Strat- 
ification beyond  45  days  in  50-  to  100-pound  containers  may  overheat 
seeds  within  the  mass.  Normally,  loblolly  pine  seed  in  large  quantity 
is  pretreated  in  smaller  containers  for  30  to  45  days.  The  usual 
effect  is  to  speed  and  increase  germination  (fig.  45). 

To  break  dormancy  an  alternative  procedure— autumn  sowing 
without  stratification — is  suitable  only  in  the  northern  part  of  the 
loblolly  pine  range.  The  risk  of  winter  mortality  and  of  oversized 
survivors  is  too  great  following  autumn  sowing  in  the  deep  South. 
Autumn  sowing  of  untreated  pine  seeds,  however,  is  accepted  prac- 
tice in  growing  2-0  or  1-1  planting  stock  in  Kentucky.  Ohio,  and 
Indiana.  In  any  region  failure  to  ascertain  germinative  capacity 
leads  to  unsatisfactory  seedling  stands  in  nursery  beds. 

DIRECT  SEEDING 

The  principal  incentive  for  using  artificial  methods  to  reseed 
pine  lands  in  the  South  is  to  avoid  the  cost  of  producing  nursery 
stock  and  planting  the  seedlings.  A  minor  advantage  is  the  elmina- 
tion  of  one  of  the  most  prevalent  faults  in  commercial  tree  planting 
operations — the  distortion  of  root  systems  forcibly  crowded  into 
planting  holes  or  machine-made  slits.  Years  later  this  planting  error 
may  lead  to  root  defects  that  make  the  trees  less  windfirm.  On  har- 
vest-cut areas  direct  seeding  offers  a  method  of  reforestation  that  may 
be  faster  and  is  relatively  independent  of  local  seed  years.  Prompt 
reforestation  circumvents  brush  problems.  Time  is  in  favor  of  direct 
seeding  inasmuch  as  the  costs  of  labor  and  seedlings  continue  up- 
ward, while  seeding  costs  are  decreasing  as  a  result  of  recently  im- 
proved techniques  in  this  work.  The  direct  method  promises  to  lower 
plantation  costs,  and.  if  extensive  current  tests  bring  promising  re- 
sults, may  eventually  become  a  generally  accepted  practice  in  keep- 
ing forest  lands  productive. 

As  a  method  of  regenerating  loblolly  pine,  however,  direct  seeding 
is  still  in  the  experimental  stage  in  most  regions.  There  is  some 
evidence  that  it  is  already  beyond  that  phase  in  Louisiana,  where 
about  35.000  acres  were  seeded  in  1958-59.  Drought  is  the  main 
cause  of  germination  failures  and  of  mortality  after  germination 
(McQuilMn  1946).  With  the  exception  of  sowing  in  dry  years  or 
on  dry  sites  failures  are  becoming  less  frequent.  To  reduce  the 
chance  of  failure,  site  quality  should  be  ascertained  and  the  most 
favorable  situations  seeded  first.  Badly  eroded  areas  and  very  sandy 
soils  are  usually  poor  seeding  sites.    A  thorough  perparation  of  the 
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soil  and  a  heavy  application  of  seed  is  advisable;  above  all  some  con- 
trol of  predators  is  essential. 

Predators,  sometimes  insects  or  fungi  but  more  often  birds  or 
rodents,  have  long  been  the  outstanding  obstacle  to  success  with 
direct  seeding  everywhere.  Studies  by  the  U.  S.  Fish  and  Wildlife 
Service  (Johnson  et  at.  1956)  have  revealed  that  the  rodents  which 
eat  the  most  pine  seeds  are  actually  very  beneficial  creatures  much 
of  the  time  because  they  consume  harmful  insects.  Likewise  many 
of  the  seed-eating  birds  are  desirable  song  or  game  species.  For 
these  reasons,  and  in  order  to  leave  the  biological  balance  relatively 
undisturbed,  the  aim  should  be  to  repel  predators  rather  than  to 
kill  them  outright  with  traps  or  poison. 

In  the  northern  part  of  its  range  the  direct  seeding  of  loblolly 
pine  may  be  in  the  autumn  using  unstratified  seed.  Leaves  will 
cover  and  winter  weather  will  "afterripen"  the  seeds  for  sprouting 
when  spring  temperatures  reach  70°F.  Where  seeding  is  in  spring, 
instead  of  autumn,  the  seeds  need  a  presowing  stratification  treat- 
ment. If  the  surface  is  littered  or  overgrown  the  soil  must  first  be 
exposed  by  burning,  plowing,  or  spot  clearing.  Prompt  sowing  after 
such  preparation  of  the  site  is  essential  to  minimize  the  period  of 
seed  exposure. 

Assuming  that  a  laboratory  test  shows  the  seeds  to  be  90  percent 
viable,  some  16,000  per  pound  should  germinate  under  ideal  condi- 
tions, perhaps  12,000  in  protected  nursery  beds,  and  (again  only 
3  out  of  4  or)  9,000  in  unprotected  spots  prepared  in  open  forest.  If, 
however,  the  test  shows  only  60  percent  viable,  only  about  6,000  can 
be  expected  in  the  field.  The  rate  at  which  seeds  of  low  viability 
are  sown  must  be  increased  for  a  good  initial  catch.  Such  a  catch 
is  important  because  in  their  first  year  only  about  15  percent  may 
survive  a  dry  summer.  Disked  strips  can  be  seeded  by  hand  at  the 
rate  of  20  gross  acres  per  day.  Aerial  sowing  may  be  economical 
if  the  right  type  of  plane  and  seeding  equipment  are  available.  A 
single  light  plane  operating  from  a  crude  landing  strip  on  the  seeded 
area  can  sow  1,000  acres  in  a  day  (Mann  1957). 

On  open  areas  experience  with  loblolly  pine  has  shown  the  most 
common  inanimate  causes  of  injury  to  the  seedlings  are  frost  during 
the  cotyledon  stage,  thick  grass  or  weeds  during  the  first  year,  and 
competition  from  shrubs  or  trees  later.  For  open  cutover  land  with 
a  heavy  grass  sod  prompt  germination  is  essential.  Apparently  the 
best  method  available  so  far  for  use  in  Louisiana  on  upland  areas 
(Mann  1954b,  1956)  is  to  sow  in  February  about  a  pound  of  strati- 
fied, repellent-coated  seed  per  gross  acre,  on  strips  disked  in  late 
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summer  or  early  fall  so  that  loose  soil  can  wash  enough  to  cover  the 
seed. 

Seeding  upland  areas  under  a  canopy  is  easier  and  cheaper. 
With  grass  shaded  out  by  hardwoods  disking  is  unnecessary.  Seeds 
can  reach  mineral  soil  immediately  after  a  fresh  burn  in  November 
and  many  will  be  masked  from  birds  by  the  leaves  that  fall  later 
Rodents,  mostly  mice,  are  predators  that  should  be  repelled  during 
January  and  February. 

If,  after  the  heavy  early  mortality  from  drought  and  other 
causes,  enough  seedlings  survive  for  a  new  crop  of  pine,  the  com- 
peting hardwoods  should  be  killed  back  during  the  first  summer.  In 
Texas  there  is  indication  that  deadening  overtopping  hardwoods  and 
brush  during  April  or  May  can  save  a  large  proportion  of  seedlings 
that  would  otherwise  die  of  drought. 

An  ideal  nontoxic  repellent  is  yet  to  be  discovered,  but  chemical 
formulations  to  simultaneously  repulse  birds,  rodents,  insects,  and 
fungi  from  attacking  pine  seeds  are  being  developed.  Active  in- 
gredients in  repellents  in  use  include  endrin  against  rodents  and  in- 
sects, Arasan  (or  Arasan  75)  against  birds  and  fungi,  with  an  asphalt 
emulsion  or  preferably  a  latex  sticker  to  bind  the  mixture  to  the 
seedcoats.  About  15  pounds  of  Arasan  (or  10  pounds  of  Arasan  75) 
are  mixed  with  each  100  pounds  of  seed.  Aluminum  powder  may  be 
added  to  act  like  graphite  in  lubricating  the  mixture  as  it  is  dispensed 
from  mechanical  seeders.  Endrin  is  irritating  and  highly  toxic.  The 
phytotoxic  Arasans  may  reduce  germination  from  5  to  10  percent. 
Such  a  reduction  in  germination,  however,  may  be  offset  by  a  100  to 
700  percent  increase  in  seedling  catch.  "When  sowing  from  tractors 
or  from  an  airplane  one  of  the  Arasans  may  be  used,  but  for  hand 
seeding  and  general  use  sublimed  anthraquinone  (15  pounds  per  100 
pounds  of  seed)  is  preferred  because  laborers  are  constantly  exposed 
to  chemical  dust  from  the  seeds.  Further  development  in  these  ap- 
plications is  expected,  and  nothing  can  do  more  to  make  direct  seed- 
ing practicable  than  to  perfect  a  method  of  safely  using  some 
universally  satisfactory  all-predator  repellent. 

Once  the  critical  early  years  are  past,  the  pines  on  seeded  areas 
face  only  the  hazards  common  to  all  young  stands  and  should  suc- 
ceed commercially.  As  yet  the  fate  of  field  sown  seeds  is  still  fraught 
with  much  uncertainty;  one  reason  for  this  is  lack  of  control  over 
weather  conditions.  If  and  when  success  can  be  achieved  frequently 
through  direct  seeding,  and  improved  methods  become  widely  de- 
pendable, nursery-grown  seedlings  may  no  longer  be  the  mainstay 
in  artificial  methods  of  regeneration  of  loblolly  pine. 
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NURSERY  PRACTICE 

Until  methods  of  direct  seeding  become  more  reliable,  the  demand 
for  planting  stock  available  at  cost  from  tree  nurseries  may  be  ex- 
pected to  increase.  Severe  or  eroding  sites  are  more  readily  re- 
forested with  seedlings  than  with  seeds.  Genetically  improved  seeds 
can  be  more  completely  utilized  by  planting  stock  than  by  sowing 
seeds  directly.  No  matter  to  what  extent  direct  seeding  techniques 
may  be  improved,  there  probably  will  always  be  a  considerable  de- 
mand for  nursery  stock.  At  present  1 -year-old  planting  stock  is 
produced  annually  at  the  rate  of  about  a  million  plantable  seedlings 
per  nursery  acre.  In  eleven  southern  states  the  forest  nurseries 
produced  nearly  a  billion  seedlings  for  the  1958-59  planting  season, 
most  of  them  loblolly  or  slash  pine  (plate  6). 


Plate  6. — Mass  production  of  loblolly  pine  planting  stock  in  a  nursery  near 
Oberlin,  Louisiana.  Panoramic  view  of  about  36  million  seedlings  in  seed- 
beds (Photo  8564  by  Elemore  M.  Morgan — courtesy  Louisiana  Forestry 
Association). 


In  stepping  up  production  of  loblolly  pine  stock  to  meet  the  de- 
mands resulting  from  the  forestry  provisions  of  the  Agricultural 
Act  of  1956,  the  nurseries  have  begun  growing  2  or  3  successive 
crops  of  pine  seedlings  to  each  year  in  soil  building  cover  crops,  in- 
stead of  a  rotation  to  grow  them  on  a  given  acre  only  in  alternate 
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years.  Also  research  has  increased  the  ratio  of  plantable  seedlings 
to  seed  sown  from  1  in  3  to  about  1  in  2.  or  even  3  in  5. 

Seedling  culture 

The  amount  of  loblolly  pine  seed  to  sow  per  unit  of  area  mast  be 
estimated  closely  to  avoid  waste  of  space  or  seeds.  Useful  formulas 
for  this  computation  based  on  seeds  per  pound,  purity,  germination, 
and  expected  survival  are  given  by  TVakeley  (1954a).  Loblolly  pine 
seeds  are  usually  sown  in  bands,  but  with  modern  methods  it  is 
cheaper  to  broadcast  seeds  on  machine-made  beds  and  weed  with 
chemicals.  After  broadcast  sowing,  crowns  close  over  the  beds  sooner 
and  smother  some  of  the  weeds.  A  desirable  increase  in  uniformity 
of  seedling  stock  within  the  beds  is  attainable  by  sowing  seeds  of 
uniform  size.  Beds  are  sown  in  February  or  March  in  the  deep 
South,  in  March  or  April  in  the  mid-South,  and  sometimes  in  the 
preceding  late  autumn  farther  north.  Fall  sowing  may  be  used 
where  winter  exposure  in  moist  soil  renders  presowing  stratification 
of  seeds  unnecessary.  Chemicals  that  are  nontoxic,  such  as  sublimed 
anthraquinone  may  be  used  to  repel  birds. 

Seeds  should  be  imbedded  in  a  smooth  soil  surface  with  a  roller 
and  covered  until  germination  is  nearly  complete.  Some  nurseries  find 
a  quarter-inch  of  sawdust  mulch  increases  germination  9.3  percent 
above  that  under  pine  straw  Posey  and  May  1954  .  Sawdust,  how- 
ever, is  easily  washed  away  during  heavy  spring  showers  unless 
mixed  with  pine  needles  to  hold  it  in  place.  An  excellent  mulch  may 
be  made  from  fresh  pine  straw  by  passing  it  through  an  ensilage 
cutter,  or  by  breaking  it  down  by  rotting  in  piles  for  one  year. 
This  mulch  or  one  made  from  empty  pine  cones  from  seed  extraction 
plants  stays  in  place  better  than  sawdust.  The  cones  have  to  be 
shredded  by  running  them  through  a  hammer  mill. 

For  use  as  planting  stock  loblolly  pine  seedlings  must  be  small 
enough  to  be  handled  economically  in  large  numbers,  yet  lar?e 
enough  to  survive  and  start  growth  promptly.  The  benefit  from 
sturdiness  appears  in  the  following  figures    Morgan  1955  : 


Stem  thickness  at  root  collar 
finches  J 


Height  growth  February  to  May 

(inches) 


Under  1  16 
1  16  to  1  S 
1  S  to  3  16 
3  16  to  1  4 
Over  1  4.  . 


1.8 
3.3 
4.S 
7.0 


9 


The  usual  aim  is  to  produce,  in  95  percent  of  the  seedlings,  root 
collars  of  %  inch  or  larger — ideally  %6  inch.  Latp  summer  pruning 
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of  roots  in  nursery  beds  mar  increase  field  survival  by  19  percent. 
Stems  and  pruned  roots  each  should  be  about  8  inches  long.  Bud 
development  is  unspecified  for  loblolly  pine.  All  seedlings  should 
have  some  fascicled  needles,  and  the  injured  and  diseased  ones  should 
be  culled. 

To  approximate  these  dimensions  in  1-0  seedlings  80  percent 
plantable  at  digging  time,  the  seedbed  density  must  be  under  con- 
trol. Although  plantable  seedlings  might  be  produced  from  poor 
soil  at  a  density  of  10  per  square  foot,  it  would  be  uneconomic.  Ac- 
ceptable seedling  quality  is  attainable  under  relatively  high  seedbed 
density  where  fertile  nursery  soils  are  kept  in  good  tilth.  The  ideal 
316-inch  stems  can  best  be  grown  at  30  ±  10  seedlings  per  square  foot 
Poster  1956c  * .  Where  densities  are  40  or  more  the  stock  is  tall, 
spindly,  and  sometimes  not  well  matured  at  lifting  time.  At  60 
per  square  foot  too  many  seedlings  have  to  be  culled  out  and  the 
remainder  are  barely  above  minimum  grade  (May  1933). 

For  the  first  3  months  the  roots  develop  much  more  rapidly  than 
the  tops.  A  time  schedule  for  the  seasonal  development  of  loblolly 
pine  in  the  Stewart  Forest  Nursery  has  been  charted  (fig.  46  L  There 
is  some  tendency  for  periods  of  root  and  shoot  extension  to  alternate 
until  the  first  frost,  and  then  during  the  winter  for  the  roots  only 
to  grow  periodically  fHubernran  1940a).  Mycorrhizae.  caused  by 
fungi  believed  to  be  beneficial,  are  found  in  abundance  on  the  roots 
of  loblolly  seedlings  in  nursery  soils.  Fibrous  roots  in  large  num- 
bers are  typical  of  the  best  grades  of  planting  stock.  Under  favor- 
able growing  conditions  most  coniferous  seedlings  need  no  shade 
(Huberman  1940b). 

Enormous  savings  in  hand  weeding  costs  are  possible  with  chemi- 
cal herbicides.  In  one  nursery  a  seedbed  weeding  cost  of  60  cents 
per  thousand  was  reduced  to  5  cents  by  using  mineral  spirits 
(Cossitt  1947  .  although  at  least  nine  species  of  weeds  were  found 
to  be  resistant.  Volatile  mineral  weed  killers  injure  neither  the 
soil  nor  the  loblolly  pine  seedlings.  Dosages  to  apply  and  pre- 
cautions to  be  observed  in  this  type  of  weeding  have  been  given  in 
detail  by  Wakeley  ( 1954a.  p.  79). 

The  uncertainty  and  irregularity  of  rainfall  necessitates  irriga- 
tion. Water  is  supplied  from  deep  wells,  reservoirs,  or  streams.  A 
crop  of  seedlings  needs  about  1  inch  of  water  each  5  days.  Close 
attention  should  be  paid  to  timing  in  artificial  watering  for  loblolly 
pine  where  runoff  and  leaching  from  nursery  soils  are  high  and 
where  soil  compaction  from  human  and  machine  traffic  is  severe.  Ee- 
duction  of  watering  is  vital  also  where  excessive  fertilization  or 
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SEEDS  GERMINATE 

COTYLEDONS  OPEN  INTO  ROSETTES  AND  PRIMARY  NEEDLES  APPEAR 

STEMS  GROW,  SECONDARY  NEEDLES  APPEAR,  COTYLEDONS  DROP 
STEMS  THICKEN,  NOOAL  BUDS  APPEAR 
TERMINAL  BUDS 
APPEAR  2z.-Z.Z2 
I  f 
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GROWING  POINTS 
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NUMEROUS 


60 
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Figure  46. — Time  schedule  for  normal  seasonal  development  for  both  tops  and 
roots  of  loblolly  pine  seedlings  from  seeds  sown  in  March  at  the  Stuart 
Nursery  in  Louisiana  (Huberman  1940a). 

rainfall  have  produced  lush  late-season  vegetative  growth  that  re- 
duces hardiness  1  Bryan  1954  . 

Soil  fertility 

To  harvest  seedling  roots  as  well  as  tops  repeatedly  without  supple- 
mentary measures  is  to  crop  with  an  intensity  sufficient  to  deteriorate, 
if  not  exhaust,  nursery  soils.  The  quality  of  nursery  stock  can  be 
impaired  without  conspicuous  visible  symptoms.  To  maintain  the 
productivity  of  the  soil  and  obtain  healthy  loblolly  pine  roots,  both 
crop  rotation  and  fertilization  are  desirable.  Without  them  the  drain 
on  fertility  may  be  1  to  6  times  that  from  cotton  or  corn. 

With  few  exceptions  the  minor  and  trace  elements  in  soils  are 
adequate,  but  as  in  agriculture,  nitrogen,  phosphorus,  and  potassium 
are  often  deficient.59  Unbalanced  dosages  or  overdoses,  ordinarily 
should  be  avoided,  particularly  those  that  may  result  in  lush  late- 
season  growth.    The  addition  of  phosphorus  alone,  sometimes  helpful. 

39  Complete  fertilization,  using  all  three  of  these  ingredients  is  often  ad- 
visable, but  not  always  necessary.  Yellow-green  foliage,  a  symptom  of  nutrient 
deficiency,  may  contain  only  a  third  as  much  of  these  elements  as  does  normal 
foliage.  It  can  be  corrected,  and  the  stock  improved,  by  prelifting  growing- 
season  fertilization.  Sometimes  nitrogen  alone  is  effective  (Switzer  and  Xelson 
1956,  Eosendahl  and  Korstian  1945). 
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may  decrease  survival,  or  in  combination  it  may  offset  benefits  ex- 
pected from  potassium  (Andrews  1941;  Lynch,  Davis.  Roof,  and 
Korstian  1943;  Bryan  1954).  Fertilizer  often  fails  to  improve  shade- 
grown  stock  (Cox  1948).  Some  potential  benefits  from  fertilization  can 
be  lost  in  a  surplus  of  vegetal  growth,  which  in  tops  may  lower  surviv- 
al, or  in  roots  may  have  to  be  pruned  off  before  planting.  In  connec- 
tion with  the  use  of  inorganic  fertilizers,  there  is  a  general  need 
for  positive  steps  to  maintain,  or  increase,  organic  matter  (Maki 
and  Henry  1951).60  The  tremendous  variation  in  fertilizer  require- 
ments from  nursery  to  nursery  necessitates  adjusting  amendments 
to  local  conditions  (Wakeley  1954a.  pp.  111-119).  Each  problem 
needs  to  be  resolved  on  the  basis  of  cultural  trials  that  include  field 
survival  tests  for  loblolly  pine. 

The  morphological  classifications  currently  used  to  grade  pine 
seedlings  fail  to  distinguish  certain  internal  conditions  affecting 
field  survival.  Wakeley  (1949)  recognizes  four  fundamental  causes 
of  physiological  variations:  (1)  differences  in  mineral  nutrition. 
(2)  differences  in  stored  food  reserves,  (3)  differences  in  water  ten- 
sion under  which  the  seedlings  were  grown,  and  (4)  possible  inter- 
ference with  photosynthesis  or  transpiration  from  fungicides, 
spreaders,  adhesives,  rodent  repellents,  weed  killers,  or  other  sprays. 

Nurserymen  need  to  be  alert  to  observe  the  often  unexpectedly 
good  or  bad  results  from  interactions  between  the  ingredients  in 
fertilizers  and  chemicals  applied  to  trees  or  soil  for  other  purposes. 
The  relative  promptness  and  vigor  with  which  certain  lots  of  seed- 
lings form  new  roots  after  field  planting  seems  to  indicate  some 
physiological  superiority  not  manifest  at  lifting  time.  Other  obscure 
differences  in  quality  of  seedlings  may  arise  from  lack  of  care  in 
the  process  of  lifting,  packing,  and  shipping  planting  stock.  Hence 
local  tests  of  various  cultural  and  handling  procedures  in  nurseries 
are  needed  in  field  plantations  to  discover  hidden,  subtle,  and  pos- 
sibly unsuspected  but  vital,  within-grade  differences  in  planting 
stocks. 

Disease  and  insects 

"Dampiiig-off "  fungi  sometimes  cause  serious  injury  and  loss  to 

pines  during  the  first  month  after  the  seeds  sprout.    Loblolly  pine 

60  For  instance  at  the  Ashe  Nursery,  where  the  soil  was  deficient  in  both 
phosphorus  and  organic  matter,  the  seedlings  were  suffering  from  a  root  rot  of 
undetermined  origin.  The  addition  of  sawdust,  ammonium  nitrate  (at  300-600 
pounds  per  acre),  20  percent  superphosphate  (at  3,000  pounds'*  and  50  percent 
muriate  of  potash  (at  240  pounds)  were  needed.  The  solution  of  similar  diffi- 
culties elsewhere,  however,  may  need  to  he  different. 
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seedlings  wither  near  the  ground  line  and  fall  over  in  a  manner 
resembling  heat  killing  from  a  hot  dry  surface.  However,  with 
damping-off  the  stem  decay  extends  up  to  the  ground  line  from  the 
fungus  in  the  soil,  whereas  heat  injury  starts  just  above  the  surface 
and  the  damaged  tissues  are  lighter  in  color  (Hartley  1929).  Tall 
tender  seedlings  are  susceptible  when  suddenly  exposed  to  direct 
sunlight,  as  they  are  when  excessive  mulch  is  removed  subsequent 
to  germination.  Succulent  seedlings  may  also  sunscald  following  a 
prolonged  warm  humid  period. 

Damping-off  is  not  often  destructive  in  southern  nurseries  where 
the  soil  pH  is  between  4.5  and  5.5,  although  Rhizoctonia  may  pro- 
duce it  even  in  acid  soils.  Sawdust  or  pine  straw  mulches  help 
keep  the  pH  low  enough  to  avoid  damping-off.  If  necessary, 
aluminum  sulfate  or  ferrous  sulfate  can  be  used  to  lower  pH.  The 
prompt  germination  of  stratified  seeds  shortens  the  period  during 
which  they  may  damp-off  (Hamilton  1949).  This  trouble  is  largely 
prevented  when  methyl  bromide,  or  certain  of  the  other  fumigants, 
is  used  to  disinfect  soil  (Kauffman  1956). 

A  black  root  rot,  discovered  in  soils  at  the  Ashe  nursery  near 
Brooklyn,  Miss.,  is  locally  serious  in  some  nurseries.  It  causes  severe 
root  damage  without  clearly  identifying  symptoms  above  ground. 
It  kills  or  renders  implantable  large  numbers  of  seedlings.  Fumiga- 
tion with  ethylene  clibromide,  a  nematocide,  when  soil  temperatures 
are  55°  to  72°F.  has  given  good  control,  as  has  thorough  incorpora- 
tion of  1  inch  of  sawdust  (135  cubic  yards  per  acre)  in  the  top  8 
inches  of  soil,  with  subsequent  addition  of  nitrogen  to  prevent 
nitrogen  depression.  Both  have  become  standard  practice  at  the 
Ashe  Nursery.  Incomplete  incorporation  of  sawdust  may  cause 
chlorosis.  No  adverse  effects  on  loblolly  pine  have  been  noted  from 
successive  annual  fumigation  of  the  soil  (Henry  1953).  In  some 
nurseries  having  a  similar-appearing  root  rot  ethylene  dibromide  has 
failed  to  control  the  disease,  but  methyl  bromide  has  been  effective. 
While  this  material  is  more  expensive  it  has  important  additional 
advantages  in  that  it  is  a  general  soil  fungicide,  a  nematocide,  and 
a  weed  killer.  The  cost  of  fumigation  varies  greatly  depending  upon 
the  material  used,  but  has  proved  to  be  low  as  compared  with  the 
benefits  where  root  rot  of  loblolly  pine  is  a  problem. 

Control  of  white  grubs  (Phyllophaga  spp.)  in  nurseries  is  ob- 
tained by  applying  the  equivalent  of  1  to  iy2  pounds  of  dieldrin  per 
acre,  followed  by  a  maintenance  dosage  of  1i  to  H  pound  per  acre 
every  2  or  3  years.  Chlordane  is  also  used,  but  the  dosage  is  6  to 
8  pounds  per  acre  with  a  maintenance  dose  equal  to  1  to  1%  pounds 
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per  acre  at  2-year  intervals.  Both  chemicals  have  a  residual  effect 
strong  enough  to  kill  young  larvae  before  they  do  any  damage.  The 
chemicals  may  be  dissolved  in  water  or  added  to  fertilizer  in  order 
to  work  them  into  the  soil  to  a  depth  of  S  inches. 

Fusiform  rust 

In  the  southern  part  of  the  loblolly  pine  range  1  to  3  percent 
of  the  nursery  stock  may  become  infected  with  Cronartium  fusiforme, 
in  spite  of  control  efforts,  and  should  be  culled.  Incipient  infection 
without  a  swelling  at  lifting  time  recently  has  been  troublesome. 
Some  infected  seedlings  always  escape  detection,  are  field  planted, 
and  usually  survive  less  than  3  years. 

Slash  and  loblolly  pines  are  the  principal  hosts  for  this  fungus 
that  lives  part  of  its  life  cycle  on  oaks.  On  the  oak  foliage  it  is 
annual  and  unimportant,  but  on  pines  it  perennially  causes  stem 
and  branch  cankers  that  are  damaging — often  lethal.  Aeciospores 
produced  in  the  pine  cankers  infect  oak  leaves.  Urediospores  pro- 
duced on  these  leaves  infect  other  oak  leaves.  Finally  teliospores  on 
the  oak  produce  sporidia  which  infect  the  pines  in  the  spring.  Pe- 
riods of  18  hours  or  more  of  saturated  atmosphere  and  temperatures 
between  60"  and  79  =  F.  are  necessary  for  any  major  amount  of  pine 
infection  by  sporidia,  This  partly  explains  the  variation  in  amount 
of  rust  infection  from  year  to  year. 

Delayed  sowing  of  loblolly  pine  in  the  nursery  can  reduce  inci- 
dence of  this  disease,  but  satisfactory  control  depends  on  spraying 
with  a  fungicide.  Control  is  most  economical  if  spraying  is  (1) 
deferred  until  the  first  yellowish  spots — the  uredial  stage — appear 
on  the  leaves  of  oak  trees  in  the  vicinity  of  the  nursery.  2  deferred 
when  the  daily  average  temperature  is  not  in  excess  of  56 °F..  the 
lower  limit  for  germination  of  sporidia.  and  if  possible  |  3  I  planned 
so  as  to  precede  periods  of  general  precipitation  or  high  humidity 
( Siggers  194:9b.  1951).  If  loblolly  pine  beds  have  been  sown  by 
March  15  spraying  should  start  as  soon  as  sporidia  are  produced, 
because  infection  may  occur  during  germination  under  the  mulch, 
and  the  fungicide  applied  with  high-pressure  equipment  (350  to 
400  pounds  per  square  inch'i  readily  penetrates  the  mulch  cover. 
Spraying  at  weekly  intervals  until  the  middle  of  'June  may  be 
sufficient,  but  in  areas  where  the  disease  is  abundant  or  in  wet 
years,  additional  applications  are  advisable  I  Siggers  1955.  Verrall 
1958). 

Certain  proprietary  fungicides  have  given  somewhat  better  con- 
trol of  the  rust  than  that  obtained  from  homemade  4-4-50  bordeaux 
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mixture  (Siggers  1955).  An  acre  of  piue  seedlings  in  nursery  beds 
should  be  covered  with  2  pounds  of  ferbani.  zirain.  or  zineb.  effective 
fungicides  against  this  rust,  in  75  gallons  of  water  (Verrall  1958). 
Distance  between  nozzles,  tractor  speed,  and  other  factors  involved 
in  spraying  for  rust  control  are  fully  discussed  by  Foster  and  Henry 
(1956). 

Preplanting  treatments  and  storage 

The  possibility  of  applying  nursery  treatments  to  protect  seed- 
lings from  pests  or  lessen  the  shock  of  field  planting  should  be  con- 
sidered. To  insure  against  insect  damage  in  plantations  on  recently 
cleared  areas,  the  tops  but  not  the  roots  should  be  dipped  into  in- 
secticide, thus  eliminating  most  of  the  mortality  from  pales  weevils 
(fig.  47  and  the  section  on  pales  weevil  in  chapter  3.  Protection). 
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Figure  47. — Cumulative  'seasonal  mortality  of  loblolly  pine  from  attacks  of 
pales  weevil  as  affected  by  top  dipping  of  nursery  stock  with  benzene  hex- 
achloride  before  planting  in  February  near  Xaeogdoches,  Tex.  (  Ferguson  and 
Thatcher  1956). 


Treatments  either  to  delay  the  start  of  spring  growth  or  to  re- 
duce the  amount  of  transpiration  in  summer  are  still  in  the  experi- 
mental stage.  Loblolly  pine  seedlings  are  seldom  truly  and  com- 
pletely dormant  in  the  deep  South.  Roots  often  grow  in  winter 
and  their  extension  immediately  after  planting  aids  establishment. 
It  would  be  advantageous  if  the  relatively  inactive  period  for  top 
growth  could  be  safely  extended  so  that  the  field  planting  season 
could  be  longer.    "Without  cold  storage  it  is  a  problem  to  suppress 
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top  growth  even  until  March.  Some  tests  with  growth  regulators 
indicate  that  they  may  inhibit  emergence  of  new  needles  without  re- 
tarding leader  growth  but  they  were  without  consistent  effects  on 
field  survival  (Ostrom  1945).  Treatments  with  naphthaleneacetic 
acid  have  failed  (Way  and  Maki  1946)  as  they  injure  pine  more 
than  hardwood  seedlings. 

Planting  loblolly  pine  after  April  1  in  the  lower  South,  or  after 
May  1  north  of  latitude  36°,  is  hazardous,  both  because  of  the  stage 
of  development  reached  by  the  seedlings  and  because  of  the  possi- 
bility of  late  spring  or  early  summer  drought.  Theoretically  a  re- 
duction in  transpiration  should  benefit  planted  seedlings,  but  results 
from  pruning,  coating,  or  chemically  retarding  loblolly  pine  seedlings 
have  been  disappointing  and  largely  negative.  Dipping  the  tops  of 
seedlings  in  lanolin  or  paraffine  emulsions  may  reduce  transpiration 
60  percent  without  increasing  drought  resistance  (Maki,  Marshall, 
and  Ostrom  1946). 

Improvement  in  storage  methods  is  more  promising.  A  study  in 
north  Mississippi  reported  by  Ursic  (1956a)  shows  that  loblolly  pine 
seedlings  can  be  stored  in  standard  Forest  Service  bales  at  34°F.  up 
to  5  weeks  with  no  ill  effects.  Storage  in  bales  slightly  separated 
on  racks  in  an  unheated  warehouse  was  good,  and  in  heel-in  beds, 
with  or  without  unfastening  bundles,  was  satisfactory.  First-year 
field  survival  was  90  percent  or  more  following  each  method.  Cold 
storage  in  bales,  properly  packed  and  watered,  is  preferred  be- 
cause it  keeps  the  seedlings  in  prime  condition  with  minimum  han- 
dling costs.  Shipment  by  refrigerator  truck  is  good  insurance 
against  possible  injury  to  the  stock  from  delay  in  transit.  Upon 
delivery  watering  the  ends  of  the  shaded  bales  twice  a  week  makes  it 
unnecessary  to  open  bundles  and  heel-in  the  seedlings.  The  bales 
need  to  be  protected  from  wind,  sun,  heat,  and  hard  freezing. 

PLANTING 

Success  in  forest  planting  with  any  species  depends  on  source  of 
seed  in  relation  to  locality  to  be  regenerated,  choice  and  preparation 
of  sites,  quality  and  condition  of  stocks,  methods  of  handling,  plant- 
ing, spacing,  protecting  and  releasing  crop  trees. 

Beyond  the  natural  range 

An  intensive  study  of  climatic  differences  between  the  loblolly 
pine  belt  and  the  adjacent  territory  by  Hooker  (1956)  has  provided 
an  equation  for  evaluating  the  degree  of  similarity.  On  this  basis 
the  climate  appears  favorable  for  loblolly  pine  in  three  places  be- 
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yond  its  present  range— southeastern  New  Jersey,  the  Tennessee 
Valley  north  to  Knoxville,  and  possibly  southern  Florida.  Where 
soil  is  favorable  and  aggressive  competition  is  under  control  in  these 
areas,  planted  loblolly  pine  can  reproduce  itself  and  may  be  expected 
to  thrive.  How  successfully  it  may  be  grown  outside  the  natural 
range,  however,  is  open  to  question. 

Introduction  far  north  of  its  native  range  retards  growth  and  in- 
vites damage  from  sapsuckers  and  from  ice.  A  good  catch  from 
direct  seeding  near  Hoquiam,  Wash.,  in  March  1954,  was  damaged 
seriously  by  grazing  and  trampling  elk.  The  survivors  were  killed 
by  frost.  Loblolly  pines  from  Georgia  seed  have  failed  to  grow  at 
the  Arnold  Arboretum  in  Boston,  Mass.,  and  failed  also  at  Moscow, 
Idaho  (Parker  1955).  In  Moscow  they  came  through  the  winter 
with  bronze  foliage  and  died  in  the  spring.  In  the  arboretum 
at  Placerville,  Calif.,  they  have  grown  well,  reaching  37  feet  in  20 
years  and  producing  viable  seed  in  spite  of  dry  summers.  Loblolly 
pines  from  Maryland  and  from  Virginia  have  escaped  winter  killing 
in  some  Illinois  nurseries  and  plantations,  whereas  stock  from  the 
Carolinas  succumbed.  In  Ohio  and  southern  Indiana  also  the  foliage 
is  subject  to  winter  injury.  In  one  half -acre  plantation  near  Athens, 
Ohio,  the  loblolly  pines  reached  6  to  11  inches  in  diameter  in  about 
25  years,  and  were  then  all  killed  in  a  bad  freeze  (26°F.  below  zero) 
in  1930.  In  the  Missouri  botanic  garden  the  trees  grew  only  13  feet 
in  15  years  (Parker  1950b). 

Extension  southward  has  been  more  successful.  In  distant 
countries  loblolly  pine  has  done  well  where  winters  are  mild  and 
summers  moist  (Boyce  1954b).  In  temperate  parts  of  the  southern 
hemisphere,  devoid  of  native  pine,  it  has  thrived.  It  grows  well  in 
South  Africa  and  in  a  few  places  in  South  America.  Under  condi- 
tions that  differ  considerably  from  its  native  habitat  it  has  succeeded 
in  Uruguay  and  more  recently  in  Argentina.  With  competition 
eliminated  it  can  make  spectacular  growth  on  alluvial  bottom  lands. 
A  firm  in  Argentina  is  growing  it  commercially  in  the  Parana  River 
delta  land.61  The  fluctuating  water  table  is  under  control  in  the 
upper  20  inches  of  the  soil.  The  pines,  807  per  acre,  planted  6  by 
9  feet  and  disked  one  way,  grow  rapidly.  Four-foot  circles  are 
cleared  by  hand  in  the  undisturbed  strips.  From  a  growing  stock 
estimated  at  over  100,000  pounds  of  green  wood  the  first  thinning 
at  8  years  harvested  20  percent. 

61  Information  supplied  by  Jorge  Bolo,  Vice  President  of  Las  Carabelas,  S.  A. 
Commercial  and  Industrial  de  Tierras  Bosques  Avenida  Alen  619,  Buenos  Aires. 
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For  the  past  30  years  the  forest  service  in  Australia  has  been 
establishing  slash  and  loblolly  pines  in  the  summer  rainfall  areas 
in  southeastern  Queensland.  There,  with  light  sandy  soils  and 
climate  comparable  to  our  southern  coastal  plains,  loblolly  pine  is 
doing  exceptionally  well.  For  the  first  10  or  12  years  the  growth 
rate  is  superior  to  slash  pine.  They  are  first  pruned  up  to  8  feet  at 
age  7  and  first  thinned  at  age  12  years  for  case  material  and  small 
furniture  stock.  The  Australians  have  found  that  it  pays  hand- 
somely to  spend  $40  an  acre  or  more  to  establish  pine.62  In  Xew 
Zealand,  where  loblolly  pine  has  been  planted  since  1906.  its  growth 
is  comparable  to  the  best  in  its  native  land.  It  is  now  being  planted 
in  Japan. 

In  the  United  States  in  some  regions  adjoining  its  natural  bound- 
aries on  the  north  or  west,  loblolly  pine  has  been  widely  planted  and 
has  grown  satisfactorily.  For  example  it  has  done  well  in  parts  of 
Tennessee,  southern  Illinois,  western  Kentucky,  and  central  Xew 
Jersey  i  Parker  1950b  .  In  the  absence  of  evidence  of  success  in 
experimental  trials,  however,  it  is  wise  to  limit  the  commercial  plant- 
ing of  any  species  to  its  native  range. 

Suitable  local  it  if  a 

Though  loblolly  pine  plantations  adapt  themselves  to  a  wide 
variety  of  situations  they  often  merit  more  intensive  care  than  the 
surrounding  forest :  hence  they  should  be  located  where  extra  pro- 
tection is  feasible  during  the  first  5  or  6  years  when  the  trees  are 
small  and  vulnerable.  The  most  seriously  injurious  agents  are  fire, 
fusiform  rust,  animals,  and  sometimes,  in  certain  Piedmont  and 
upper  Coastal  Plain  locations,  ice.  Each  may  call  for  special  pro- 
tective or  remedial  measures  for  plantations  and  direct  seeded  areas. 
The  peak  population  of  seed-eating  rodents  and  shrews  occurs  1  or 
2  years  after  pine  stands  are  cut  Trousdell  1954c).  Pales  weevils 
may  also  abound  in  the  first  year  after  cutting.  In  those  places 
where  certain  of  these  risks  are  high,  plantings  should  be  relocated 
or  deferred  until  adequate  provision  is  made  to  avoid  or  repair  prob- 
able damage  I  Hepting  1942). 

In  the  rolling  terrain  of  the  Piedmont  with  site  indices  ranging 
from  55  to  95.  the  growth  in  loblolly  pine  plantations  varies  markedly 
with  the  slope  and  depth  of  the  soil    Hamilton  1956a)  : 

62  Report  by  J.  R.  Mc William  of  Queensland,  Australia,  at  staff  meeting 
of  The  Southeastern  Forest  Experiment  Station,  Asheville,  X.  C,  on  April  27, 
1954. 
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Surface  soil  18-year  Approximate 

Topographic  depth  height  site  index 

position  (inches)  (feet)  (feet) 

Crest   1.5  23  40 

Upper  slope   8.0  37  60 

Lower  slope   9.2  40  70 

Bottom   18.0  46  80 

In  the  Alabama  Coastal  Plain  the  topsoil  needs  to  be  18  inches  deep 
and  have  a  silt-clay  content  of  20  percent  for  the  height  of  planted 
loblolly  pines  at  18  years  to  match  that  shown  above  for  the  upper 
slopes  in  the  Piedmont,  according  to  Goggans  and  Schultz  f  1958). 63 
Some  Piedmont  sites  may  well  be  found  to  be  too  poor  for  commercial 
timber  growing. 

But  no  specific  topographic  condition  is  essential  to  survival. 
Loblolly  pine  grows,  with  few  exceptions,  on  all  slopes,  ridges,  and 
upland  areas.  It  can  tolerate  poor  drainage  with  compact  cloddy 
soil  and  can  benefit  from  a  top  layer  of  dark  soil,  but  usually  it  does 
best  during  the  early  years  on  the  lighter,  deeper,  well-drained 
soils  where  hardwood  competition  is  less  intense.  A  light  to  moderate 
cover  of  broomsedge  or  weeds  may  be  beneficial,  but.  if  drought  in 
summer  can  be  anticipated,  site  preparation  is  essential  where  this 
type  of  ground  cover  is  heavy.  With  normal  rainfall  east  of  the 
Mississippi  River,  planted  loblolly  pine  survives  well  without  site 
preparation,  even  in  fields  of  heavy  broomsedge  grass.  Dense  over- 
topping briars  or  brush  should  be  avoided. 

Land  in  all  stages  of  erosion  can  be  planted,  except  possibly  where 
only  the  subsoil  remains  (Minekler  1948]  .  However,  in  19  northern 
Mississippi  counties  thousands  of  acres  of  eroded  lands  have  been 
well  reforested  with  loblolly  pine.  Although  success  was  indifferent 
on  some  of  the  worst  sites,  survival  and  growth  on  the  whole  was 
good. 

A  mottled  or  blue-gray  subsoil  is  an  indication  of  poor  drainage 
and  a  difficult  site  for  planting.  A  convenient  ocular  way  of  judging 
land  quality  is  to  observe  the  rapidity  with  which  abandoned  fields 
'  free  from  hardwood  rootstoeksi  pass  from  the  early  weed  stage  of 
vegetation  to  a  generous  cover  of  briars  or  hardwood  brush.  Such 
cover  comes  in  promptly  on  the  better  sites  whereas  the  first  cover 
elsewhere  is  broomsedge.  The  old  fields  themselves,  however,  seldom 
need  planting  if  pine  seed  trees  are  near. 

63  Studying  the  development  of  the  tallest  planted  loblolly  pines  between 
5  and  16  years  of  age  they  found  this  relation:  H  =  —14.91  +  5.96  A  +  0.00818 
D  S  0.1725  A2  where  H  is  the  height  (feet)  of  the  dominant  trees  at  age  A 
(years),  D  is  the  depth  (inches)  of  topsoil,  and  8  is  the  silt  plus  elav  content 
(percent)  of  the  topsoil. 
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Site  preparation 

Most  sites  need  some  preparation  to  assure  the  success  of  seeding 
or  planting  loblolly  pines.  To  neglect  preparation  may  ruin  a  plan- 
tation; to  use  it  unnecessarily  is  wasted  effort;  to  use  it  effectively 
is  clearly  a  self -liquidating  investment.  Such  work  aims  to  hold  the 
soil,  or  reduce  vegetative  competition,  or  both  as  needed,  until  the 
pines  are  well  established. 

If  erosion  is  currently  or  potentially  active,  some  economical 
preplanting  measures  to  manipulate  the  soil,  mulch  it,  or  introduce 
cover  crops  may  be  advisable  in  some  instances.  Artificial  means  of 
conserving  and  revegetating  shifting  soils  are  costly,  however,  and 
in  most  cases  unnecessary. 

The  opposite  measures  are  used  to  uncover  mineral  soil  where 
erosion  is  not  a  problem  and  to  reduce  vegetation  that  actively  com- 
petes with  pine.  Such  preparations  tend  to  be  less  costly  and  are 
more  widely  needed.  They  now  employ  both  blanket  treatments  of 
stands,  using  fire  or  heavy  machines,  or  selective  treatments  of 
trees  using  herbicides  or  girdling  as  a  situation  requires.  These  newer 
methods  of  site  preparation  benefit  both  the  establishment  and  early 
development  of  loblolly  pine  plantations. 

In  the  rehabilitation  of  denuded  sites,  and  areas  severely  in- 
hospitable to  forest  reproduction,  a  completely  new  cover  of  pine, 
though  not  immediately  essential,  is  desirable  and  often  feasible 
without  much  delay.  The  preliminary  preparation  of  some  of  the 
most  adverse  planting  sites  by  cultivation,  furrowing,  trenching, 
ridging,  fertilizing,  regrading  of  banks,  and  damming  shifting  soil 
has  not  improved  survival  and  growth  of  loblolly  pine  (Gibbs  1948b, 
Cloud  1950),  but  filling  planting  holes  with  fertile  topsoil  may  be 
helpful  (Meginnis  1939,  Hendrickson  1949). 

Preplanting  revegetation  to  hold  soil  temporarily  on  some  of 
these  severe  sites  may  be  provided  by  first  introducing  forage  plants 
for  the  benefit  of  wildlife  or  domestic  stock  (see  sections  on  Forage 
Production,  and  Habitat  and  Food  Supply  in  chapter  9,  Management 
for  Other  Purposes).  The  unused  residue  of  forage  cover  has  a 
favorable  mulching  effect.  Without  a  mulch  grown  in  place  by 
such  a  cover  crop,  it  is  entirely  possible — though  seldom  economical — 
to  benefit  from  the  artificial  addition  of  a  mulch.  A  mulch  will  lower 
surface  soil  temperatures  in  summer,  promote  early  development  of 
a  favorable  topsoil,  hasten  the  natural  establishment  of  native  ground 
cover,  and  thus  may  benefit  trees  planted  subsequently. 

In  this  manner  the  survival  and  growth  in  a  15-year-old  planta- 
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tion  of  loblolly  pine  in  Tennessee  (Bnller  and  Gibbs  1952)  was 
improved  as  follows: 


Unmulched 
Mulched .  . 


Survival 
( -percent) 
53 
100 


Height 
(feet) 

11 
21 


Diameter 
( inches ) 

2.5 

4.0 


On  no  appreciable  areas,  however,  have  artificial  mulches  been 
shown  to  be  worth  what  they  cost.  (A  mulch  of  hay  may  cost  $50 
to  $60  in  place.)  Where  satisfactory  survival  can  be  obtained  with- 
out artificial  applications  of  mulch,  needles  cast  from  pines  planted 
4  to  6  feet  apart  will  cover  the  ground  adequately  in  about  8  years 
and  afford  maximum  protection  to  the  soil. 

In  Georgia  where  loblolly  pines  are  planted  on  bare  areas  less 
mortality  may  be  expected  than  where  they  are  set  on  cutover  lands 
with  living  ground  cover,  but  the  height  growth  is  slower  (Spiers 
1932).  The  degree  of  slope  and  accompanying  erosion,  however,  did 
reduce  survival  as  well  as  height,  volume  growth,  and  yields  in  a 
16-year-old  plantation  of  loblolly  pine  in  South  Carolina  (Bennett 
and  Fletcher  1947)  as  follows: 


Slope  Erosion 
(  percent) 

3   slight 

6   moderate 

12   very  severe 

17   very  severe 


Direct  reforestation  of  timberlands  where  enough  soil  remains 
to  grow  a  cord  of  wood  per  acre  annually  is  likewise  worthwhile.  An 
example  from  Tennessee  is  reported  (Huckenpahler  1950)  as  follows. 
There  the  pines  were  planted  6  by  6  feet  on  Loring  silt  loam  former 
cropland  from  which  50  to  100  percent  of  the  topsoil  had  been  lost 
to  erosion.  Survival  was  80  percent  and  the  crowns  were  nearly 
closed  at  19  years  when  the  following  measurements  of  the  loblolly 
pine  were  made : 


Trees  4.6  inches  (d.b.h.)  and 

larger  

Whole  stand  .  


Annual 

growth 

Volume 

Survival 

Height 

per  acre 

per  acre 

(percent) 

(feet) 

(  cords ) 

( cords ) 

77 

45 

1.7 

26.8 

61 

42 

1.5 

23.7 

67 

34 

.8 

13.0 

40 

28 

.4 

6.2 

Trees  per 

Basal  area 

Average 

acre 

per  acre 

d.b.h. 

(  number) 

(sq.  ft.) 

(inches) 

504 

116 

6.5 

964 

139 

5.2 

The  dominant  19-year-old  trees  on  this  site  (index  70  to  75)  had 
52  percent  of  their  total  40-foot  height  in  living  crowns.  The  yield 
inside  bark  to  a  3-inch  top  was  17.6  rough  cords  (or  1,296  fence 
posts)  at  19  years  and  43  cords  at  29  years. 
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In  the  reforestation  of  cutover  lands,  where  the  conservation  of 
soil  and  moisture  is  not  a  problem,  the  natural  course  of  plant  suc- 
cession merely  needs  to  be  checked.  Partial  site  preparation  is 
adequate  there  if  the  method  is  wisely  chosen  and  timed.  TVhere 
soil  moisture  supplies  are  low  much  of  the  time,  however,  as  they 
tend  to  be  at  the  western  edge  of  the  range,  rather  thorough  de- 
struction of  hardwood  competition  may  be  advisable  before  planting 
loblolly  pine.  Although  in  east  Texas  preplanting  site  preparation 
is  of  little  benefit  in  normal  years,  it  is  distinctly  helpful  in  a  dry 
year  like  1954  when  there  were  two  30-day  periods  without  rain 
Ferguson  1956  .  Planted  loblolly  pine  then  responded  to  increas- 
ing intensity  of  site  preparation  as  follows : 

First-year  survival 
(percent) 


Id  open  fields  ■with — 

Xo  site  preparation   10 

Scalped  spots   25 

In  the  woods  with — 

Xo  preparation   18 

Burned -over  surface   60 

Hardwoods  controlled   75 


The  most  economical  method  of  clearing  a  site  for  planting  is 
usually  by  partial  cutting  and  burning.  This  is  advisable  where  it 
can  be  done  safely,  but  to  burn  broadcast  in  site  preparation  where 
topography  is  rolling  and  watershed  values  are  paramount  is  a  ques- 
tionable practice.  Instead  limited  use  occasionally  can  be  made  of 
more  costly  spot  treatments  such  as  mowing  brush  patches  too  dense 
for  access  of  planters,  or  plowing  any  sod  or  soil  that  is  extremely 
dense.  Scalping  is  seldom  needed:  it  does  not  help  beyond  the  first 
year,  but  it  can  be  done  with  little  extra  cost  by  using  an  attachment 
to  a  mechanical  planter.  One  such  attachment  consists  of  a  disk 
mounted  in  front  of  the  rolling  coulter  on  a  single-row  planting 
machine.  If  plowing  is  needed  to  loosen  severely  compacted  sub- 
soil, it  is  best  accomplished  enough  in  advance  of  planting  to  permit 
weathering  to  soften  the  lumps  of  disturbed  soil.  This  provides  for 
better  contact  of  soil  and  roots  in  planting. 

In  loblolly  pine  plantations  on  coastal  cutover  areas,  especially 
in  those  on  poorly  drained  plastic  subsoil,  the  problem  of  hardwood 
regrowth  after  cutting  is  intense.  The  opportunity  to  use  fire  con- 
structively in  preparing  planting  sites  is  better  there  than  it  is  on 
many  inland  areas.  Evidence  of  this  appears  in  the  comparative 
rates  at  which  hardwoods  again  covered  the  following  representa- 
tive cutover  areas: 
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Hardwood  cover  when  years  since  cutting  are — 


Region  and  site  preparation 

1 

2 

3 

4 

5 

(percent) 

(  percent) 

(  percent) 

(  percent) 

(  percent) 

Piedmont  of  Georgia : 

Burned-over  

11 

27 

29 

38 

42 

Unburned  

16 

28 

31 

33 

35 

Coastal  Plain  of  North  Carolina : 

Burned-over  

32 

47 

56 

61 

64 

Unburned  

51 

70 

79 

83 

85 

The  degree  of  reduction  of  hardwood  growth  by  fire  depends  on 
accumulation  of  local  fuels  and  burning  conditions.  Stumps  and 
roots  preclude  the  use  of  planting  machines  only  where  dense  stands 
have  recently  been  cut  over.  Where  burning  is  prescribed  to  pre- 
pare sites  for  planting,  the  fire  serves  mainly  to  increase  plantable 
area  and  to  make  it  more  readily  accessible  for  a  hand  planting 
operation,  but  it  also  leaves  more  of  the  planted  trees  free  to  grow. 

Where  controlled  fire  fails  to  kill  many  undesirable  trees,  espe- 
cially the  larger  ones  that  sprout  less  profusely,  they  may  be  promptly 
girdled  and  allowed  to  die  slowly.  Planted  pines  often  benefit  from 
temporary  shelter  provided  when  standing  dead  or  dying  trees  are 
left  to  disintegrate  slowly,  and  the  seedlings  usually  can  outgrow 
weak  sprouts.  Herbicides  applied  to  stumps  or  basal  sections  are 
useful  in  retarding  the  more  prolific  sprouts  from  medium-sized 
trees.  There  is  an  increasing  use  of  chemical  foliage  spray  applied 
by  aircraft,  especially  helicopter,  though  within  the  loblolly  pine 
belt  this  method  remains  in  the  experimental  stage.  The  possibility 
of  accidental  damage  from  wind  drift  of  spray  is  remote  when  the 
flights  are  well  controlled.  Low  vegetation  can  be  deadened  by  aerial 
spraying  with  %  to  2  pounds  2,4,5-T  (acid  equivalent  in  oil)  per 
acre.  Seedlings  can  then  be  safely  planted  the  following  day  (Har- 
rington 1955a),  on  sites  prepared  with  scalped  spots,  furrows,  or 
trenches  as  conditions  warrant. 

Another  possible  method  of  eliminating  dense  thickets  of  hard- 
wood trees  and  shrubs  is  to  use  heavy  machinery  such  as  tractors 
and  plows  modified  for  forest  use.  Where  erosion  is  no  problem 
bulldozing  is  effective  in  site  preparation.  The  breaking  of  many 
surface  roots  reduces  the  competitive  vigor  of  the  sprouts  that  follow, 
and  makes  it  easier  for  pine  to  reclaim  the  land.  Complete  cover- 
age with  such  machines,  however,  is  costly  and  it  often  leaves  too 
much  debris  in  windrows.  Hence  this  method  supplements  rather 
than  supplants  the  other  regeneration  methods,  and  is  most  useful 
in  changing  from  one  type  of  forest  to  another. 
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State  forest  lands  in  the  sandhills  of  South  Carolina  are  con- 
verted from  worthless  scrub  oak  to  pine  as  follows  :63a 


Operation 
Scrub  oak  reduction  

Double  plowing  10  inches  deep. 

Leveling  furrowed  surface  

Planting  pine  


Season 
May-June 

July-August 

September-October 

January-February 


Equipment 
-10-hp.  crawler  tractor  and 
"Harden"  brush  cutter 
Same  tractor  and  Athens  fire- 
break plow 

Light  farm  tractor  and  18-disk 
gang  plow 

Light  farm  tractor  and  planting 
machine 


Methods  of  planting 

Little  can  be  said  for  farmers'  methods  and  tools  for  planting, 
except  that  they  are  ever  ready  for  small  jobs  at  odd  times.  Farm- 
ers, of  course,  can  sometimes  tranplant  wild  pine  seedlings  success- 
fully, and  with  full  assurance  of  a  local  seed  source.  They  can 
plant  balled  roots,  too,  at  any  season,  though  this  is  slow  and  more 
useful  for  horticultural  than  for  forestry  purposes  (AYakeley  1945a). 
To  establish  new  stands  farmers  should  use  the  foresters'  tools  when 
they  are  available. 

Slit  planting  either  by  hand  or  by  machine  is  the  widely  used 
method.  Though  some  of  the  lateral  spread  of  absorbing  roots  is 
necessarily  lost  in  slit  planting,  the  taproot  should  extend  straight 
down.  Roots  should  be  placed  in  close  contact  with  mineral  soil 
and  the  top  of  the  slit  should  be  firmly  closed.  Bar  planting  in 
furrows  can  be  done  at  the  rate  of  100  trees  per  man-hour  (Davis 
1950a).  By  machine  11,000  to  14,000  loblolly  pine  seedlings  per  day 
can  be  planted  in  the  sandy  or  loamy  soils  of  the  Coastal  Plain.  A 
reasonable  goal  for  trained  crews  is  10,000  well-planted  trees  per 
machine-day.  Site  preparation  and  planting  can  be  combined  by 
using  a  crawler  tractor  to  draw  a  heavy-duty  fireline  construction 
plow,  to  furrow  strips  5  feet  wide  (and  8  feet  apart  center  to 
center),  with  a  tree  planting  machine  attached.  Where  root  treat- 
ment against  white  grubs  is  indicated,  a  spray  attachment  may  be 
added  to  the  planter. 

Without  a  planting  machine,  the  necessary  hole  digging  can  be 
mechanized  by  "spudders"  mounted  on  the  rear  wheels  of  rubber- 
tired  tractors.  They  speed  the  work,  reduce  costs,  and  improve  the 
quality  of  the  job  done  by  inexperienced  labor.  The  difficulty  of 
moving  over  roads  from  one  site  to  another  is  avoided  by  using  spud- 
ders with  digging  points  that  fold  back  (Whalen  1956). 

63a  Lehocky  and  Lee  "  South  Carolina  sand-hills  can  grow  pine  timber." 
Jour.  Forestry  52:280-281.  1954. 
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Several  machines  on  the  market  are  made  expressly  for  forest 
planting.  They  are  of  two  types.  A  "floating"  planter  is  attached 
to  a  tractor  drawbar  in  such  a  way  that  it  can  be  lifted  off  the 
ground  or  lowered  by  the  tractor's  hydraulic  mechanism.  A 
••trailer"  type  planter  has  all  or  most  of  its  weight  carried  on  its 
own  wheels.  They  function  best  on  the  more  extensive  fiat  lands 
that  are  fairly  free  from  stumps  or  other  obstruction.  Some  parts 
of  the  cutover  areas  in  the  Piedmont  can  also  be  planted  by  machine 
at  variable  cost,  depending  on  soil  type,  percentage  of  slope,  and 
degree  of  erosion.  On  favorable  sites  after  disposal  of  brush,  a 
narrow-gage  crawler  tractor'  and  sturdy  planting  machine  can  do 
an  adequate  job,  traversing  shallow  gullies. 

When  double-row  planters  are  provided  for  large  projects  they 
should  be  used  in  conjunction  with  enough  single  units  to  handle 
miscellaneous  small  old  fields  or  odd  parcels  of  cutover  lands.  The 
single-row  planters  are  more  flexible,  and,  because  of  a  slight  scalp- 
ing effect,  are  better  suited  to  grassy  areas.  One  foreman  with  an 
assistant  can  supervise  the  operation  of  -4  to  5  planting  machines. 
To  train  crews  and  to  check  the  condition  of  seedlings  as  well  as  the 
quality  of  both  field  work  and  map  records,  one  inspector  should 
be  assigned  to  each  5  planting  units  (e.g.,  each  two  double  and  one 
single  machine).  Only  by  careful  excavation  of  sample  specimens 
can  common  errors,  such  as  setting  trees  too  high,  flat,  or  1 1  U-rooted, ' ' 
be  detected.  A  deviation  of  1  foot  is  permissible  in  the  interval 
between  individual  trees  or  rows.  To  insure  adherence  to  standards, 
followup  inspections  are  vital. 

For  extensive  projects  advance  planning  is  fundamental.  Plant- 
ing reconnaissance  is  essential  to  classify  lands  in  need  of  separate 
treatment.  Reconnaissance,  together  with  local  experience  as  to 
capacity  of  pines  to  survive  on  diverse  sites,  permits  variation  in 
prescriptions  for  effective  spacing  of  planted  trees  (table  21).  In 
areas  of  medium  to  heavy  fusiform  rust  infection,  100  to  200  addi- 
tional trees  per  acre  should  be  prescribed.  Prescription  planting 
results  in  more  uniformly  satisfactory  stands  at  a  possible  saving 
of  25  percent  in  costs.  A  prerequisite  is  that  seedlings  be  sorted, 
and,  if  possible,  baled  separately  by  grade. 

On  large  projects  also  it  is  advantageous  to  pay  the  workers  on 
a  differential  wage  scale  according  to  the  quality  of  their  work. 
Contractors  should  be  paid  promptly  on  completion  of  each  planting 
chance  for  only  the  number  of  seedlings  acceptably  planted.  One 
favorable  effect  of  this  is  to  reduce  the  variation  in  costs  per  thou- 
sand surviving  trees. 
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Table  21. — Example  of  spacing  guide  for  prescription  planting  by  machine 
on  the  upper  Coastal  Plain  in  South  Carolina1 


SURVIVAL  EXPECTED 


Grade  of  planting  stock 


Soil  texture  and  site  preparation 

/ 

2 

3 

S2 

Percent 

Percent 

Percent 

Percent 

Deep  sands: 

Undisturbed  

60 

50 

30 

80 

70 

50 

65' 

Loamy  sands: 

Undisturbed  

65 

55 

30 

85  . 

75 

60 

75' 

Sandy  loams : 

70 

60 

45 

90 

80 

65 

80 ' 

SUGGESTED  DISTANCE  BETWEEN  ROWS 


Feet  Feet  Feet  Feet 


Deep  sands: 

Undisturbed   7  6  4 

Furrowed   9  8  6  8 

Loamv  sands: 

Undisturbed   8  6  4 

Furrowed   9|  9  7  8| 

Sandy  loams: 

Undisturbed   8  7  5 

Furrowed   10  9  8  9 


1  To  attain  about  600  trees  per  acre  from  seedlings  spaced  6  feet  apart  within  the  rows;  derived  from  6  years  of  large- 
scale  forest  planting  for  the  Atomic  Energy  Commission's  Savannah  River  Project.  Although  based  on  work  with  slash 
pine,  the  same  principles  apply  to  loblolly  pine  wherever  survival  by  grade,  soil,  and  site  can  be  properly  evaluated. 

2  This  column  is  for  small  seedlings  set  in  furrows  and  planted  deeply  without  U-rooting. 

Hopkins  (1949)  recommends  that  forest  managers  in  the  Deep 
South  (1)  plan  and  record  progress  on  good  maps,  preferably  aerial 
photographs,  (2)  estimate  seed  and  seedling  requirements  2  years 
ahead  and  provide  for  graded  stock  from  a  suitable  source,  (3) 
hire  local  labor,  (4)  commence  in  the  autumn  as  soon  as  there  is 
enough  moisture  so  as  to  finish  before  February  when  it  may  be 
too  wet,  (5)  operate  two  or  more  machines  close  enough  together 
to  pull  each  other  out  of  difficulty,  (6)  avoid  poor  planting  resulting 
from  too  shallow  trenches  or  from  attempting  work  on  cold,  raw, 
wet  days,  and  (7)  foster  local  good  will  by  keeping  the  community 
posted  on  the  operation.  However,  the  best  time  to  plant  is  a 
local  matter  influenced  by  soils  and  the  kind  of  planting  stock  avail- 
able. For  example,  in  northern  Mississippi  the  use  of  stock  pro- 
duced in  nurseries  some  300  miles  farther  south  leads  to  poor  sur- 
vival in  December  plantations.  On  soils  there,  loblolly  pines  planted 
from  January  to  March,  preferably  in  February,  are  more  success- 


ARTIFICIAL  REGENERATION  233 

ffnL  In  other  locations  where  frost  heaving-  may  be  injurious, 
planting  should  not  start  until  spring. 

Planting  stock  should  be  removed  from  the  nursery  in  winter. 
If  lifted  and  baled  after  the  middle  of  February  or  in  early  spring, 
when  the  seedlings  are  breaking  dormancy,  the  survival  in  the  field 
may  be  lower  (fig.  48  .  When  removed  from  the  bales  seedlings 
need  to  be  sheltered  from  the  sun  and  wind.  Brief  exposure  to  air 
may  have  no  ill  effects.  Roots  should  be  kept  moist,  but  not  allowed 
to  stand  immersed  in  water.  During  a  period  not  in  excess  of  2 
hours  they  can  be  fortified  against  injurious  drying  by  first  dunking 
them  in  puddled  clay  (Slocum  and  Maki  1956b).  Regardless  of  pre- 
treatment.  however,  long  exposure  in  drying  is  detrimental ;  it  lowers 
survival  and  reduces  the  first -year  height  growth. 

TVithin  the  rather  narrow  size  limits  for  seedlings  readily  plant- 
able  with  the  usual  tooLs  the  larger  ones  grow  faster  the  first  year 
and  tend  to  retain  their  early  advantage  (fig.  49). 


times  with  different  degrees  of  dormancy;  stippled  columns  "show  propor- 
tion of  lot  with  first  winter  bud  opened;  hachured  part,  second  bud  opened 
(Wakeley  1954a). 
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0  12  3 

TIME  SINCE    PLANTING   (GROWING  SEASONS) 


Figtoe  49. — The  initial  advantage  from  planting  large  stock  successfully  in  the 
field  may  not  be  permanent  but  may  last  at  least  3  years  (Haney  1956). 

Contrary  to  the  old  rule  for  keeping  the  nursery  ground  line  at 
the  soil  surface  after  planting,  recent  evidence  I  Slocuni  1951.  Slocum 
and  Maki  1956a  indicates  that  unless  unusually  long  roots  are  avail- 
able seedlings  can  benefit  from  deeper  setting  on  well-drained  sites. 
In  these  tests  survival  of  9-inch  seedlings  was  not  improved  but 
growth  was  stimulated  for  2  years  by  planting  more  deeply  until 
the  original  stem  was  half  buried.  Shallow  planting  exposes  roots 
to  the  air  and  makes  the  seedlings  vulnerable  to  drouth,  whereas 
deep  planting  enables  them  to  tap  moisture  from  beneath  the  dry 
surface  layers. 

Most  pine  plantations  in  the  United  States  64  are  not  managed 

64  Where  a  deficiency  in  phosphate  is  a  major  factor  in  poor  growth,  as  on 
certain  areas  in  Queensland,  the  trouble  has  been  remedied  with  rock  phosphate 
as  effectively  and  more  economically  than  with  superphosphate.  Such  fertiliza- 
tion has  been  financially  profitable  there  in  hastening  the  production  time 
for  a  needed  commodity.  For  loblolly  pine  in  Queensland,  the  optimum  con- 
tent of  phosphorous  pentoxide  in  the  top  1  inches  of  soil  is  about  200  p.p.m. 
(H.  E.  Young  1918 ) .  Because  the  elements  of  nutrition  found  in  needles  are 
related  to  those  in  the  soil,  foliar  analyses  may  indicate  where  certain  top  dress- 
ings are  needed. 

In  North  Carolina  one  study  of  loblolly  pine  (Brenneman  1953)  showed  the 
nitrogen  content  of  needles  and  soil  to  be  related,  but  no  comparable  associa- 
tions were  found  for  phosphorus  or  potassium.    The  content  of  these  elements 
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intensively  enough  to  warrant  fertilization.  Fertilizer  tests  have 
revealed  adverse  effects  from  the  stimulation  of  grass  and  weeds. 
Planted  loblolly  pines  should  not  be  fertilized  in  any  locality  in 
which  southern  fusiform  rust  infection  is  appreciable  (Wakeley 
1954a ).  Fertilizer  makes  the  trees  more  susceptible  to  disease  by 
inducing-  earlier  spring:  growth  of  foliage.  Until  more  studies  are 
made,  nitrogen  especially  should  be  used  sparingly,  if  at  all.  in  the 
Deep  South,  because  that  which  is  not  promptly  absorbed  is  readily 
lost. 

Spacing  in  plantations 

Early  studies  of  square  spacing  in  southern  pine  suggested  that 
where  thinnings  can  be  made  the  distance  between  3-inch  trees  should 
be  about  6  feet ;  4-inch  trees.  7  feet ;  5-inch  trees.  8  feet ;  6-inch 
trees.  10  feet ;  and  8-inch  trees.  12  feet.  One  of  the  rules  of  thumb 
advocated  by  the  Soil  Conservation  Service — the  D  +  6  rule  I  Mitchell 
1952) — calls  for  wider  spacing  which  is  the  modern  trend.  Although 
the  gross  volume  of  wood  produced  may  be  greater  from  close 
spacing,  the  50-year  net  returns  from  planting  6  by  6  feet  are  esti- 
mated at  little  more  than  half  those  from  planting  6  by  8  feet. 

Owners  interested  in  quick  production  of  saw  logs  only  may 
avoid  spacing  too  closely  by  setting  the  trees  8  to  10  feet  apart  in 
plantations,  particularly  on  the  poorer  sites.  On  the  better  sites  the 
growth  of  the  largest  100  trees  per  acre  is  retarded  little  if  any 
by  close  spacing  in  the  first  7  years,  but  is  severely  reduced  there- 
after (Ware  and  Stahelin  1946.  Stahelin  1948b).  In  the  first  decade 
the  formation  of  wide  annual  rings,  largely  of  spring  wood,  cannot 
be  avoided  by  close  spacing.  The  former  standard  square  spacing 
of  6  by  6  feet  is  now  a  minimum  '  Hamilton  1956a ). 

Ordinarily  when  loblolly  pine  seedlings  are  planted  in  squares 
a  widely  applicable  general  rule  is  to  space  the  trees  at  8  by  8  feet, 
i.e..  681  trees  per  acre.  Then  in  the  first  thinning  the  stand  will  be 
reduced  to  80  to  100  square  feet  of  basal  area  per  acre.65  In  special 
situations,  however,  there  still  may  be  valid  reasons  for  planting 

in  green  foliage  showed  seasonal  variations — increasing  together  from  March  to 
June  and  decreasing  from  June  to  September.  However,  between  September 
and  January  phosphorus  increased  and  nitrogen  remained  the  same,  while  potas- 
sium decreased. 

60  Depending  on  a  number  of  factors  such  as  the  height  and  clear  length  of 
the  pines,  site  quality,  cutting  cycle,  and  especially  on  the  wishes  and  plans  of 
the  owner  to  produce  certain  products.  More  detailed  guidelines  to  the  con- 
sideration of  this  problem  are  included  in  chapter  7,  Management  of  Immature 
Timber. 
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more  or  fewer  trees  per  acre  (Meade  1956).  Pertinent  considera- 
tions are  as  follows: 

Narrow  spacing,  down  to  a  minimum  of  6  by  6  feet  (1210  seedlings), 
is  best  to — 

1.  Offset  the  low  survival  to  be  expected  on  poor  sites,  and  to 
fully  utilize  available  soil; 

2.  Exclude  grass,  weeds,  and  shrubs  through  heavy  needle  fall 
instead  of  mulch,  or  to  under  plant  groups  in  mixed-species 
forests ; 

3.  Check  active  erosion  promptly  without  artificial  introduc- 
tion of  herbaceous  cover; 

4.  Apply  where  thinnings,  both  noncommercial  and  commercial 
can  be  used  to  insure  maximum  quality  and  total  volume 
of  yield. 

Wide  spacing,  up  to  a  maximum  of  10  by  10  feet  (436  seedlings), 
is  best  to — 

1.  Limit  initial  costs  on  good  sites; 

2.  Forestall  stagnation  of  growth  in  stands ; 

3.  Utilize  short  rotations  for  rapid  turnover  in  invested 
capital ; 

4.  Avoid  all  necessity  for  early  and  noncommercial  thinning. 

Intermediate  spacing,  about  8  by  8  or  7  by  9  feet  (680-690  seedlings), 
is  a  compromise  to  obtain — 

1.  Reasonable  first  costs  on  medium  sites ; 

2.  Fair  stem  quality  without  any  noncommercial  intermediate 
cuttings,  or 

3.  High  quality  with  thinning  and  pruning; 

4.  Access  for  trucks  after  row  thinning  in  intermediate  and 
final  harvest  operations ; 

5.  Integration  of  saw-log  and  pulpwood  harvests. 

When  mean  annual  increment  per  acre,  especially  on  poor  sites, 
is  expressed  in  cords  produced  by  varying  numbers  of  surviving 
pines  per  acre,  the  growth  rate  is  affected  by  a  biological  version  of 
the  law  of  diminishing  returns.  Although  at  a  given  age  there  is 
more  room  for  a  large  number  of  trees  per  acre  on  the  poorer  sites 
(because  of  small  size),  the  extra  stems  may  not  add  enough  to  the 
yield  to  justify  the  cost  of  planting  them. 

In  actual  practice  what  can  be  accomplished  by  planting  varies 
with  the  relative  availability  of  land,  seedlings,  machines,  labor,  and 


ARTIFICIAL  REGENERATION 


237 


time.  The  supply  of  each  of  these  may  affect  the  spacing  chosen  for 
planted  trees.  Some  adjustment  in  initial  spacing  is  advisable  to 
allow  for  the  mortality  to  be  expected  prior  to  the  first  thinning. 
Actual  spacing,  through  its  effect  on  crown  differentiation  and  growth 
rates,  influences  the  timing  of  the  first  thinning.  That  operation,  to 
be  commercial,  must  await  an  operable  quantity  of  trees  above  the 
minimum  diameters  merchantable  for  a  given  purpose  (Lange  1952). 
Where  the  demand  for  certain  special  products  from  young  pine 
can  be  foreseen,  plantations  should  be  spaced  accordingly  (table  22). 

When  the  special  product  sought  is  pine  seed  for  future  sowing 
on  some  other  land,  or  in  a  nursery,  a  seed  orchard  should  be 
established  from  superior  stocks.  In  such  an  orchard  the  trees  should 
be  spaced  more  widely  than  for  any  other  commercial  purpose — 
perhaps  in  young  unthinned  stands  15  by  15  feet  to  obtain  good 
pollen  coverage.  Later  when  the  stand  has  been  thinned,  and  the 
reserve  trees  approach  maturity,  average  spacing  may  reach  25  or 
30  feet,  i.e.,  50  to  70  trees  per  acre. 

The  optimum  stocking  for  best  results  in  managed  stands  has 
not  been  precisely  determined  as  yet,  but  it  undoubtedly  falls  some- 
where between  the  biological  maximum  and  half  of  that.  The  two- 
thirds  maximum  (" normal")  in  table  22  is  here  assumed  to  be  a 
desirable  operating  goal  in  stand  density. 

Under  planting  and  release 

It  was  discovered  early  (Hall  1939)  that  prompt  regeneration 
of  the  rather  small  openings  made  where  southern  pine  (except  long- 
leaf)  is  cut  commercially  will  pay  even  where  planting  is  necessary. 
This  measure  is  especially  important  where,  as  in  central  Alabama 
(Brinkman  and  Swarthout  1942),  about  half  of  the  open  areas  in 
the  forest  are  without  pine  seedlings  because  of  a  shortage  of  suit- 
able seed  trees.  In  spite  of  border  retardation  underplanting  can 
succeed  where  hardwoods  are  present  if  they  are  not  too  dense 
(Stahelin  1946),  but  it  is  better  if  the  larger  undesirable  trees  are 
deadened  or  felled  before  or  immediately  after  planting  the  pines. 
In  one  instance  where  this  was  done  the  planted  pines  became  10 
inches  taller  the  first  year.  In  another  instance  86  percent  of  the 
loblolly  pine  survived  at  least  2  years  and  were  then  2.3  feet  high 
(Muntz  and  Derr  1949,  Muntz  1951,  Shoulders  1955).  Delaying  re- 
lease for  a  year  reduced  third-year  survival  and  height  of  these 
seedlings  by  one-quarter.  Where  no  release  was  provided,  survival 
and  growth  were  only  about  half  as  good  as  on  areas  released 
immediately. 
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During  initial  establishment  of  pine  seedlings  in  years  of  severe 
drought,  competition  from  grass  mar  exceed  that  from  trees,  espe- 
cially if  no  furrowing  or  scalping  was  done.  Under  such  conditions 
three  times  as  many  planted  seedlings  may  survive  the  first  few 
years  under  oaks  as  in  grassy  openings.  This  happens  because  the 
surface  layer  of  soil  containing  the  seedling  roots  is  dryer  in  open 
spots  under  grass  than  in  shaded  spots  under  trees.  That  condition 
is  common,  but  not  universal,  and  is  usually  temporary.  Where  it 
is  found,  advisable  practice  is  to  apply  only  partial  release  the  first 
year  or  two.  or  to  deaden  the  competition  slowly  (i.e..  without 
poison1.  On  many  sites  a  deadened  overstory  provides  all  the  shade 
the  pines  need  in  their  first  year  and  after  that  they  will  be  rooted 
more  deeply.  Then,  or  on  poor  sites  soon  thereafter,  they  become 
better  able  to  compete  with  grass  and  less  able  to  withstand  an  over- 
wood.  Release  from  overtopping  hardwoods  in  most  situations  should 
be  immediate:  it  should  never  be  long  deferred  (Shoulders  1955). 

On  average  sites  in  years  without  serious  drought  underplanted 
seedlings  meet  with  less  competition  from  low  vegetation  at  the  start. 
In  such  cases  immediate  or  very  early  and  complete  release  is  best, 
for  the  overwood  cannot  function  as  nurse  trees.  This  was  dem- 
onstrated in  a  loblolly  pine  plantation  made  in  1948  on  Fordyce 
Lumber  Company  lands  in  Arkansas  ( Clark  1954")  : 

Survival  when  number  of  growiyig  seasojis  is — 

Release  degree  and  time.  12  3  4 

(percent)      'percent)       (percent)       ( percent) 

Complete  and  immediate   100  100  100  100 

Partial  after  1  or  2  rears   100  90  80  80 

None   100  73  73  57 

Seedling  height 

Cinches)       Cinches)       Cinches)  finches) 

Complete  and  immediate                            10               29              63  102 

Partial  after  1  or  2  rears                               7               15               28  46 

None                                                     7              12              15  22 

In  the  OzarkSj  farther  north  in  Arkansas,  loblolly  pines  planted 
under  an  overwood  of  50  square  feet  of  basal  area  per  acre  became 
2.8  feet  tall  in  4  years  while  those  in  the  open  became  fully  twice  as 
tall.  6.0  feet  <  Meade  1955). 

Seedlings  used  in  underplanting  should  be  spaced  with  deliberate 
irregularity  to  take  full  advantage  of  favorable  spots  where  the  over- 
wood  is  least  dense.  They  should  be  grouped  and  spaced  more  closely 
than  usual  in  the  available  openings.  That  is  to  allow  for  the  losses 
which  are  certain  to  exceed  mortality  in  the  larger  clearings  or  open 
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Table  22. — Guide  to  rectangular  spacing  for  loblolly  pine  plantations  as 
affected  by  expected  survival  to  time  of  first  thinning  for  each  of  four 
products 


Operable  Basal  area    Stand  per  acre  at—      Spacing  for  §  maxi- 

stands—  per  acre                                     mum  stocking  when 

average  at  maxi-                                          survival  is— 

d.o.h.  of  mum    


Initial  product      merchant-     stocking    maximum   §  maximum       80  60 
desired1  able  trees  stocking2       stocking      percent  percent3 


Inches 

Sq.ft. 

Trees 

Trees 

Feet 

Feet 

Local  posts  

4 

119 

1,360 

907 

4x8 

4x7 

Commercial  posts . 

5 

131 

958 

639 

6x9 

5x8 

Pulpwood  

Poles  (No.  10) 

6 

140 

712 

475 

8x9 

6x9 

7 

147 

550 

367 

9x  10 

7x  10 

1  At  minimum  merchantable  diameters  1  inch  below  those  in  the  next  column  (Lange  1952). 

2  For  loblolly  pine  (after  Stahelin  1949)  based  on  normal  yield  tables. 

3  For  planting  600  to  700  seedlings  per  acre  without  reference  to  specific  products,  spacings  of  6  by  12  or  7  by  10  are 
appropriate  except  where  fusiform  rust  is  serious.  There  it  is  advisable  to  set  out  700  to  800  seedlings  spaced  6  by  10, 
7  by  8,  or  6  by  9  feet  apart.    Close  planting  reduces  the  incidence  of  tip  moth  attacks. 


places,  especially  when  release  is  postponed.  This  is  indicated  by  the 
relatively  high  percentage  of  loblolly  pines  in  acceptable  condition  8 
years  after  planting  908  seedlings  in  a  field  as  compared  to  those 
planted  within  the  forest  (Boggess  and  Bryan  1940). 


Survival 


Old-field 

Seedling  condition  planting 
(  percent) 

Fair  or  better  quality   55 

Suppressed,  diseased,  or  defective  ...  36 

Total  alive   91 

Dead  or  missing   9 

Total  planted   100 


U  nder- 
planting 
(percent) 
37 
51 


12 
100 


Although  prompt,  or  only  briefly  delayed,  release  is  clearly  best, 
extended  delay  is  not  always  a  fatal  error.  If,  because  of  well-dis- 
tributed rainfall,  enough  of  the  neglected  seedlings  survive  for  a  new 
crop,  they  merit  release  regardless  of  their  age  or  the  degree  of  their 
retardation.66  This  is  due  to  the  ability  of  puny  loblolly  pines  to 
recover  promptly  and  completely  upon  release. 

66  Some  loblolly  pines  planted  under  scrub  oak  in  north  Mississippi  in  1941 
were  not  released  until  1948.  Branches  falling  from  trees  deadened  at  that 
time  killed  or  damage  10  percent  of  the  seedlings,  but  the  response  of  survivors 
was  good.  On  unreleased  plots  during  the  next  5  years  the  suppressed  pines 
continued  their  relatively  slow  growth,  increasing  7.5  feet  in  height,  1.2  inches 
in  diameter,  and  11.4  square  feet  in  basal  area.  In  the  same  period  the  re- 
leased seedlings  grew  half  again  as  much  in  height,  twice  as  much  in  diameter, 
and  nearly  three  times  as  much  in  basal  area  (Huckenpahler  1954,  1955). 
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TREE  IMPROVEMENT 

All  foresters  attempt  to  stem  the  trend  toward  forest  deteriora- 
tion by  reserving  the  better  loblolly  pine  trees  for  future  growth  and 
seeding,  but  forest  trees  have  not  yet  shared  in  the  marvelous  im- 
provement achieved  for  agricultural  crops  through  selection  and  cross- 
breeding. Similar  methods  are  now  being  applied  to  enhance  the  value 
of  native  loblolly  pines  for  forestry.  Inasmuch  as  tree  generations 
are  longer,  and  vegetative  propagation  of  conifers  more  difficult, 
progress  will  be  slower.67  But  the  genus  Pinus  offers  rich  oppor- 
tunities for  improvement  because  of  the  large  variety  of  existing 
species  and  geographic  races  available  (Frontispiece).  This  will  fur- 
nish the  raw  materials  for  continuing  efforts  to  mold  new  forms  of 
timber  that  will  survive  planting,  grow  rapidly,  resist  injury,  make 
better  wood  pulp  or  otherwise  excel  for  special  purposes  in  different 
localities.  Loblolly  pine  is  destined  for  a  major  role  in  this  develop- 
ment. 

Hybrid  vigor  is  a  valid  hope  as  yet  seldom  realized  in  the  work 
with  pines.  When  loblolly  pine  was  crossed  with  pitch  pine  the 
progeny  was  superior  in  Xew  Jersey  but  inferior  in  Maryland  (Duf- 
field  and  Righter  1953).  Improvement  in  both  disease  and  drought 
resistance,  however,  is  a  good  prospect.  Some  31  shortleaf -loblolly 
pine  hybrids  that  survived  planting  in  Louisiana  in  1951  within  a 
heavily  diseased  3-year-old  slash  pine  plantation  (  2  out  of  3  slash 
pines  infected)  show  no  fusiform  rust  whatsoever  (Henry  and  Bercaw 
1956).  A  drought  resistant  strain  of  loblolly  pine  in  Texas  has  been 
shown  to  transpire  less  water  (Gilmore  1957). 

As  local  conditions  may  lead  to  poor  survival,  or  may  obscure 

characteristics  valuable  elsewhere,  all  progeny  tests  preferably  should 

be  duplicated  in  distant  places.    This  is  the  only  practicable  way  to 

recognize  that  certain  desired  improvements  are  truly  heritable  singly 

or  in  combination.    For  example,  when  loblolly  pine  was  exported 

to  South  Africa  it  was  found   (Sherry  1947)   that  stocks  from 

6'  The  possibility  of  speeding  up  normal  generations  appears  limited,  but  the 
progeny  of  a  21-year-old  loblolly  pine  is  reported  (Eeines  and  Greene  1958) 
to  have  produced  mature  cones  at  4  years  of  age.  Some  inherent  characters 
fortunately  can  be  judged  early  in  life.  For  example  it  has  been  discovered 
(Zobel  and  Rhodes  1956)  that  the  specific  gravity  of  the  wood  of  a  young 
loblolly  pine — i.e.,  the  first  8  rings — and  the  overall  specific  gravity  of  the 
mature  tree  are  closely  correlated.  Also  the  specific  gravity  of  the  young  wood 
of  a  seedling  can  be  estimated  from  that  of  its  limbs.  The  length  of  tracheitis 
found  beyond  the  tenth  ring  indicate  the  ultimate  length  to  be  expected  in 
mature  fibers  (Kramer  1957),  and  the  length  of  branch  tracheids  is  closely 
related  to  that  of  stem  tracheids  (Jackson  1959).  Together  these  findings 
make  it  possible  to  judge  the  wood  quality  to  be  expected  from  progeny  in 
tests  of  inheritance. 
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Woodville.  Fla..  and  from  St.  Tammany  Parish.  La.,  were  sig- 
nificantly superior  to  most  others  in  rate  of  growth,  but  inferior  in 
form.  Stocks  from  Brookhaven.  Miss.,  and  Spring.  Tex.,  excelled 
in  both  vigor  and  form.  Thus  the  current  provenance  tests  serve  not 
only  to  identify  existing  strains,  but  also  as  a  basic  prerequisite 
for  further  genetic  improvements  (Wakeley  1954b). 

Progeny  tests  reveal  that  many  of  the  desirable  characteristics 
of  loblolly  pine  are  not  attributes  in  the  sense  that  they  are  in- 
herited intact  by  a  certain  proportion  of  the  next  generation. 
Rather  they  are  characters  that  blend  into  forms  intermediate  be- 
tween those  of  the  parents.  The  opportunities  for  worthwhile  im- 
provements are  good  because  of  the  wide  variation  in  heritable  differ- 
ences in  individual  trees  now  being  discovered  in  natural  stands.  To 
develop  these  opportunities  considerable  new  genetic  research  is  now 
underway  at  various  points. 

Seed  production  areas 

Ultimately  special  seed  orchards  may  be  expected  to  supply  the 
bulk  of  the  seeds  needed  for  artificial  methods  of  regeneration.  They 
will  feature  so  called  "plus"  trees  and  furnish  seeds  of  certified 
superiority  over  native  seeds.  They  will  be  permanently  dedicated  to 
and  specifically  managed  for  this  purpose.  All  inferior  genotypes 
will  be  removed,  and  the  remaining  selected  or  planted  cone  producers 
will  be  stimulated  by  removal  of  competition  and  perhaps  also  by 
fertilization.  It  may  be  necessary  to  protect  flowers  and  cones  of 
parent  trees  from  insects.65  All  seeds  will  be  collected  without  cutting 
trees  and  without  repeatedly  wounding  them  with  climbing  spurs. 
That  means  that  the  cones  must  be  reached  by  using  ladders,  a  Swiss 
•'tree  bicycle."'  or  other  special  equipment— perhaps  even  some  ex- 
pensive high-lift  machinery.  If  only  a  few  cones  are  needed  as  test 
specimens,  they  may  be  shot  down  by  a  .22  rifle  with  telescopic  sight 
(McCulley  1953d). 

Meanwhile  seeds  of  acceptable  quality  from  known  sources  can 
best  be  obtained  in  quantity  only  by  direct  collection  or  from  reliable 
dealers.  Stands  temporarily  designated  for  seed  collection  in  a  spe- 
cific year  may  be  thinned  to  stimulate  the  crop  and  later  felled  to 
collect  the  seed.  If  thinning  is  necessary  it  should  be  provided  the 
first  year  before  May  in  order  to  obtain  a  heavy  seed  crop  in  October 
of  the  third  year.    Permanent  seed  production  areas  need  special 

68  A  turbine  mist  blower  mounted  on,  and  powered  by,  a  jeep  can  spray  a 
70-foot  pine  with  2  to  3  gallons  (0.5  percent  gamma  BHC  water  emulsion)  in 
3  minutes.    U.  S.  Forest  Service,  South.    Forestry  Xotes  111,  1  p.  1957. 
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protection  from  destructive  agents,  and  they  need  wide  spacing  with 
large  crowns  for  maximum  production  1  Easley  1954V 

In  Queensland.  Australia,  the  fruitfulness  of  loblolly  pine  planta- 
tions in  relation  to  stand  density  has  been  studied  by  Florence  and 
McWiUiam  1956  .  The  maximum  production  of  pollen  seems  to  oc- 
cur with  about  100  trees  per  acre.  i.e..  about  20  feet  apart  in  square 
spacing  1  fig.  29.  A,  chapter  4.  Natural  Regeneration )  regardless  of 
site  quality.  Average  numbers  of  flowers  and  cones  per  tree,  how- 
ever.  continue  to  increase  with  added  growing  space,  at  least  to 
nearly  30  feet  between  trees,  or  50  stems  per  acre  I  fig.  29,  B  and 
C  .  The  spacing  recommended  for  "plus"  trees  in  seed  orchards 
is  a  compromise.  With  24  feet  between  planted  trees — about  76  per 
acre — loblolly  pine  in  Queensland  is  expected  to  produce  43  pounds 
of  seed  at  20  years.  Stand  density  appears  to  reduce  cone  produc- 
tion per  tree,  and  in  poor  pollen  years,  fruitfulness  and  per-acre 
yields  as  follows : 


Stand —  Yield —  Fruitfulness —  Yield — 

Tree-?  per  acre  Cones  per  tree  Seeds  per  cone  Seeds  per  acre 

( number)  (number)           (number)  (thousands) 

50   190                 120  1,140 

100   126                  81  1,021 

150    82                  72  886 

200    58                  67  777 

250    50                  64  800 

300   47                  62  874 


With  wind  pollination  there  is  no  assurance  that  both  parents 
of  any  seed  are  of  high  quality,  unless  the  production  area  is  isolated 
from  surrounding  pines.  Even  so  open-pollinated  loblolly  pine  from 
good  mother  trees  was  observed  in  Australia  to  yield  about  twice 
the  percentage  of  well-formed  stems  as  did  stock  from  inferior  mother 
trees.  Furthermore  this  percentage  was  again  increased  with  stock 
from  controlled  pollination.  With  both  parents  superior,  the  seeds 
produced  four  times  as  many  stems  of  good  form  as  did  stock  result- 
ing from  general  uncontrolled  collection  of  cones  ( Queensland  State 
Forest  Service  1948  ). 

Artificial  measures  other  than  thinning  to  increase  the  yield  of 
cones  on  seed  production  areas  are  a  distinct  possibility  not  yet  de- 
veloped. Although  experience  so  far  does  not  indicate  any  proba- 
bility that  such  measures  will  aid  silvicultural  practice,  they  may 
perhaps  be  applied  to  step  up  seed  production  on  limited  areas 
where  successive  crops  are  not  desired.  "With  fertilization  to  in- 
crease nutrition,  and  wounding  to  direct  it  to  seeds  rather  than  wood. 
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the  trees  can  be  induced  to  bear  more  seed.  Wounding  alone.69  how- 
ever, is  a  questionable  practice  that  may  destroy  seed  trees  |  Bilan 
1957).  Wenger  (1953a)  reports  fertilizer  alone  effective  in  a  25- 
year-old  stand  of  loblolly  pine.  In  the  third  growing  season  after 
treatment,  the  fertilized  pines  produced  98  to  123  cones  each  as 
contrasted  to  only  36  cones  per  unfertilized  tree.  The  effect  did  not 
carry  over  to  the  next  year. 

Hybridization 

When  artificial  crosses  are  attempted  between  species  without 
close  botanical  relationship  a  high  percentage  of  failure  is  expected, 
but  the  occasional  success  is  most  likely  to  induce  radical  changes — 
beneficial  or  otherwise.  A  certain  amount  of  such  exploratory  work 
is  needed  to  define  the  limits  within  which  hybridization  is  most 
likely  to  be  practical. 

Attempts  to  crossbreed  several  species  of  yellow  pines  have  already 
revealed  certain  interspecific  compatibilities  and  incompatibilities  and 
produced  some  desirable  hybrid  characteristics.  Simultaneously  an 
effort  is  underway  to  discover  in  nature  the  existence  of  superior 
strains — i.e..  outstandingly  good  genotypes — to  serve  as  breeding 
stock.  The  need  is  for  a  sustained  program  of  selection  and  cross 
pollination  applied  to  both  hybrid  and  pure-species  parent  trees. 
Through  progressive  selection  and  rejection  of  progeny,  it  should 
be  possible  to  isolate  specific  heritable  improvements  in  a  high  per- 
centage of  the  progeny.  For  example  there  is  evidence  that  loblolly 
pine  can  be  bred  to  produce  wood  having  short  or  long  tracheids 
(Jackson  and  Greene  1956  .  It  is  unlikely  that  in  any  reasonable 
period  general  improvements  can  be  made  to  breed  uniformly  true. 
Hence  superior  stocks  of  the  best  available  quality  will  have  to  come 
mainly  from  the  repetition  of  controlled  crosses  between  progeny- 
tested  parent  trees.  Improved  seed  in  greater  quantity,  but  more 
variable  in  quality,  should  become  available  from  the  partially  con- 
trolled crosses  in  seed  orchards  grown  from  grafted  clones. 

So  far  in  the  South  the  program  of  tree  improvement  for  southern 
yellow  pines  is  scarcely  out  of  the  early  exploratory  stages.  Some 
second  generation  |  F2  *  crosses,  however,  are  included  among  the 
existing  loblolly  pine  hybrids : 

69  According  to  a  recent  report  longleaf  pines  were  stimulated  by  using  a 
bark  hack  for  partial  girdling  of  10-  to  12-inch  trees.  A  half  circle  was  cut  on  one 
side,  and  the  second  half  circle  1  inches  higher  with  a  slight  overlap  on  the 
other  side.    The  yield  of  cones  was  doubled  (South.  Forest  Expt.  Sta.  1955). 
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Successful  crosses  involving  loblolly  pine1 

(Le.,  the  progeny  includes  at  least  one  living  seedling  free  from  all  suspicion  of  pollen 
contamination  in  the  process) 


Seed  parent? 

Pollen  parent2 

Forest  Experiment  Station 

echinata 

X 

taeda 

California  and  Southern 

elliottii 

X 

taeda 

Southern 

palustHs 

X 

taeda 

Southern 

rigida 

X 

taeda 

California 

sondereggeri 

X 

taeda 

Southern 

palustris 

X 

sondereggeri 

Southern 

taeda 

X 

echinata  X  taeda 

Southeastern 

sondereggeri 

X 

echinata  X  elliottii 

Southern 

echinata  X  taeda 

X 

taeda  X  elliottii 

California 

taeda 

X 

elliottii 

California 

taeda 

X 

elliottii  densa 

Southern 

echinata 

X 

echinata  X  taeda 

California 

serotina 

X 

taeda 

We  st  va  co 

1  As  listed  by  Keith  Dorm  an  of  the  Southeastern  and  Bereh  Henry  of  the  Southern  Forest  Experiment  Stations. 

2  The  list  includes  not  only  interspecies  crosses  but  also  back-crosses  recognized  as  valid.  The  first  seven  of  the 
above  hybrids  have  also  been  produced  by  crossing  in  the  opposite  direction.  Pinus  sondereggeri  'Chapman  1922 1 
occurs  in  nature  with  P.  palustris  as  the  seed  parent  and  P.  taeda  as  the  pollen  parent;  there  are  indications  that  the 
reciprocal  cross  also  occurs  in  nature.  An  additional  possibly  successful  cross  ;  i.e..  evidence  that  crosses  may  be  made,  but 
no  surviving  seedlings  as  vet  fullv  accepted  as  genuine  hvbrids  )  under  observation  in  California  is  (taeda  x  elliottii)  x 
elliottii.    References:  Righter  <fc  Duffield  1951.  Duffield  1953. 

To  ensure  that  new  hybrids  are  genuine,  i.e..  not  a  result  of  ac- 
cidental contamination  in  crossing,  geneticists  need  to  recognize  not 
only  gross  morphological  characteristics  of  each  parent  species,  but 
also  minute  histological  attributes  as  well.  The  basic  chromosome 
number  in  the  gametes  of  all  pines  is  twelve  (haploid)  or  twenty- 
four  ■  diploid  .  Polyploidy  is  rare,  but  does  occur.  Increasing  the 
number  of  sets  of  chromosomes  results  in  decreased  vigor  of  the 
trees.  Multiple  embryos,  rarely  found  in  loblolly  pine  1  Xelson 
1941  .  are  more  frequent  in  other  pines  than  is  generally  known,  but 
rarely  do  two  embryos  mature  within  an  ovule ;  usually  one  is  much 
larger  than  the  other  i  Buckholz  1918).  Cotyledon  numbers  range 
from  5  to  9  in  loblolly  pine,  averaging  6.87  =  .09  Butts  and  Buck- 
holz 1940). 

Vegetative  propagation 

Asexual  methods  of  propagation  of  pines  are  useful  in  genetic 
research.  Wood  from  30- to  90-year-old  trees  can  be  grafted  to  seed 
orchard  trees,  but  the  commercial  use  of  vegetative  propagation  to 
produce  planting  stock  is  too  expensive. 

Artificial  methods  of  rooting  seedlings  less  than  5  years  old  are 
available.  Yearling  seedlings  root  readily,  but  the  ease  of  rooting 
falls  off  rapidly  with  increasing  age.  Shoots  from  trees  over  10 
years  old  are  difficult  to  root  (Mc  Alpine  1957).  In  one  set  of  tests 
(Gardner  1929)  cuttings  from  first-year  loblolly  pine  seedlings  rooted 
46  percent,  those  from  second-year  seedlings  6  percent,  and  older 
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ones  not  at  all.  High  humidity,  though  insufficient  in  itself,  aug- 
ments root  initiation  by  juvenile  material.  The  need  is  for  a  method 
that  will  root  cuttings  from  older  trees.  The  best  thermal  conditions 
for  rooting  cuttings  in  propagation  benches  appears  to  be  cool  air 
temperatures  in  conjunction  with  bottom  heat  of  75""  to  S0CF.  ( Cech 
1958  ).  Airlayering  is  now  being  developed  as  a  technique  useful  in 
rooting  samples  of  superior  strains  in  loblolly  pine  I  Zak  1956). 

Grafting  methods  are  also  useful  in  these  investigations.  Twin 
grafts  on  a  single  seedling  were  utilized  in  Texas  CFolweiler  1953 
to  isolate  the  heritable  from  the  environmental  influences  on  density 
of  the  wood.  A  scion  from  a  tree  of  high  specific  gravity  and  another 
from  a  tree  of  low  specific  gravity  were  each  bottle-grafted  to  a 
single  seedling  and  allowed  to  develop.  If  the  difference  in  density 
persists  in  future  growth  it  will  signify  an  inherent  rather  than 
an  acquired  character.  In  this  and  other  ways  vegetative  propaga- 
tion is  furthering  research  in  tree  improvement. 

Proper  handling  of  scions  prior  to  grafting  is  vital  in  practice. 
With  control  of  temperature,  humidity,  and  atmosphere  successful 
grafts  have  been  made  with  cuttings  shipped  to  Florida  from  Aus- 
tralia and  with  cuttings  stored  for  more  than  4  months  Perry 
and  Wang  1957b  .  The  use  of  vegetative  methods  in  commercial 
propagation  of  pines,  however,  is  still  to  be  perfected. 

SUMMARY 

Much  planting  is  needed  within  the  loblolly  pine  belt  both  to 
reclaim  lost  area  and  to  restore  understocked  forests.  To  plant 
yearling  trees  grown  in  state  nurseries,  rather  than  to  sow  seeds, 
is  the  quickest  and  surest  means  presently  available  to  attain  full 
stocking  in  loblolly  pine.  It  can  succeed  only  when  the  source  of 
seed  is  well  suited  to  the  planting  site  and  where  the  seedlings  are 
properly  set  out  and  provided  with  adequate  growing  space.  With 
these  conditions  met.  the  resulting  survival,  growth,  and  thrift  of 
loblolly  pine  is  often  superior  to  that  of  the  other  native  pines. 
Mixed  species  planting  commonly  fails,  as  loblolly  pine  suppresses 
most  of  its  associates  tried  so  far.  In  pure  loblolly  pine  plantations, 
however,  successes  greatly  outnumber  the  failures  from  initial  mis- 
management or  from  neglect  of  subsequent  care.  •"Prescription 
planting'"  with  graded  stock  is  the  method  found  to  be  most  eco- 
nomical per  thousand  surviving  trees. 

The  adverse  effect  of  a  poor  source  of  seed  on  net  growth  is 
long  lasting.  For  generations  it  may  outweigh  anything  but  cata- 
strophic injury.    Many  ills  acquired  from  the  immediate  environ- 
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ment,  of  course,  are  neither  inherited  nor  necessarily  lifelong.  But 
until  more  is  known  of  the  sources,  seed  collections  should  be  limited 
to  places  less  than  100  miles  away  and  with  less  than  a  1.000- 
foot  difference  in  elevation.  For  forecasting  good  seed  years  and 
locating  suitable  areas  and  quotas  for  collection  of  seed  a  simple 
cone-ratio  method  of  estimating  yields  is  described. 

Cones  are  ripe  for  collection  as  soon  as  their  specific  gravity  has 
dropped  enough  so  that  they  will  float  in  SAE  20  oil  immediately 
after  being  picked  from  the  tree.  The  average  content  is  about  57 
sound  seeds  per  cone.  To  extract  the  seeds  requires  6  to  48  hours 
of  kiln  drying.  Moisture  lost  in  this  process  is  about  74  percent  of 
the  weight  in  dry  cones.  A  hundred  pounds  of  fresh  cones  will 
yield  2  or  3  pounds  of  clean  dewinged  seed — with  about  18,400  seeds 
per  pound. 

Mishandling  in  collection,  extraction,  dewinging,  or  drying  may 
destroy  vitality  essential  to  successful  storage.  With  moisture  equal 
to  about  8  percent  of  their  dry  weight,  seed  can  live  1  to  3  years  at 
air  temperature,  but  under  cold  storage  (at  40°  down  to  5°F.) 
they  may  last  6  years.  To  get  full  germination  from  some  lots  of 
seed  it  is  necessary  to  stratify  them  in  a  cool  moist  medium  prior 
to  spring  sowing.  Seed  viability  increases  with  per-acre  yields  of 
seed,  but  varies  so  much  that  each  lot  of  seed  should  be  tested  before 
it  is  used  in  nursery  or  field. 

Direct  seeding  in  the  field  aims  to  circumvent  the  cost  of  nursery 
stock  and  planting.  On  the  basis  of  successful  practice  in  Louisiana 
it  is  suggested  that  a  pound  of  stratified,  repellent-coated  seed  per 
gross  acre  be  sown  in  February  on  strips  disked  in  January.  Suc- 
cess hinges  largely  on  how  effectively  seed  predators  are  repelled. 

Stock  of  suitable  size  and  quality  for  planting  can  be  grown  in 
a  year  at  20  to  40  seedlings  per  square  foot  of  nursery  seedbed, 
provided  that  the  soil  productivity  is  maintained  with  cover  crops 
and  fertilizer.  With  frequent  watering  in  spring  and  summer,  the 
seedbeds  need  no  shade.  To  reduce  injury  and  mortality  of  seedlings, 
pest  controls  using  herbicides,  fungicides,  insecticides,  and  fumigants 
are  suggested.  Planting  stock  is  shipped  readily  and  may  be  stored 
temporarily  in  tightly  packed  bales. 

The  natural  range  of  loblolly  pine  may  be  extended  safely  by 
artificial  means  only  to  areas  not  too  dissimilar  in  climate.  Parts 
of  Xew  Jersey,  Tennessee,  and  Florida  probably  can  be  successfully 
planted.  Northward  it  may  be  too  cold,  and  westward  too  dry,  at 
least  in  certain  years.  Loblolly  pine  has  been  successfully  introduced, 
however,  in  Xew  Zealand,  Australia,  South  America,  and  South 
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Africa.  Within  its  natural  range  the  species  can  thrive  on  nearlv 
all  creek  bottoms,  slopes,  and  ridges  in  upland  areas,  but  it  does  best 
on  the  lower  slopes  where  hardwood  competition  is  not  too  intense. 
In  flat  woods  where  drainage  is  adequate,  and  even  in  bottom  lands 
where  hardwoods  are  controlled,  its  growth  is  excellent. 

Preplanting  site  preparation  is  frequently,  but  not  always,  neces- 
sary. It  is  usually  attained  most  cheaply  by  prescribed  burning. 
Where  hardwood  stems  too  large  to  kill  back  with  fire  abound,  they 
must  be  felled  or  deadened  before  or  soon  after  planting. 

Loblollv  pines  can  be  most  efficiently  planted  by  machines  on 
large  areas  that  are  free  from  obstruction  and  without  steep  slopes. 
Special  equipment  has  recently  been  developed  to  permit  planting  in 
brushy  areas.  For  reinforcing  fail  spots  or  for  underplanting  thin 
places  in  a  forest,  the  foresters*  planting  bars  are  best.  Only  the 
small  odd  jobs  should  be  handled  with  farmers'  standard  or  im- 
provised tools. 

Systematic  use  of  fertilizers  for  pines  is  so  far  limited  to  pro- 
grams to  maintain  the  productivity  of  nursery  soils  and  seed  or- 
chards. Extensive  fertilization  elsewhere  in  forestry  must  await 
evidence  that  the  benefits  are  economically  worth  while. 

Spacing  of  trees  in  plantations  should  be  governed  by  numerous 
considerations,  some  silvical.  others  economic.  Although  on  any  acre 
there  is  room  for  more  trees  of  a  given  age  on  a  poor  site  than  on 
a  good  site,  the  extra  trees  do  not  grow  well  enough  to  repay  the 
cost  of  planting  them.  If  the  grade  of  planting  stock  is  low  or  the 
risk  of  fusiform  rust  infection  is  high  the  spacing  should  be  close. 
The  modern  trend,  however,  is  toward  rather  wide  spacing — about 
7  by  9  feet.  Spacing  should  vary  with  (1)  the  relative  availability 
of  land,  seedlings,  machines,  labor,  and  time,  and  (2)  the  average 
size  of  trees  suitable  for  the  principal  product  to  be  grown,  with  or 
without  thinning.    Reinforcement  planting,  if  any.  must  be  prompt. 

The  prevalence  of  partially  idle  lands  in  understocked  forests 
indicates  an  extensive  need  for  underplantings.  These  may  be  spaced 
6  by  6  feet  in  irregular  patches.  They  can  benefit  from  early 
liberation  from  the  closely  adjacent,  or  overtopping,  competition  of 
all  undesirable  trees. 

As  knowledge  of  the  relative  intrinsic  value  of  existing  races  of 
loblolly  pine  accumulates  from  provenance  tests,  increasingly  close 
attention  must  be  paid  to  using  only  stock  from  seed  gathered  from 
the  most  suitable  of  the  available  sources.  Tree  improvement  for 
loblolly  pines  is  underway  through  both  selection  of  superior  strains 
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and  artificial  crossing  to  combine  desirable  characters.  Current  ad- 
vances in  vegetative  propagation  will  speed  such  investigations  and 
help  evaluate  the  progress  in  genetic  work.  The  opportunity  is 
great  because  of  the  large  variety  in  related  forms  to  work  with.  Al- 
though loblolly  is  already  a  leading  species  of  pine,  improvement 
can  be  expected  in  capacity  for  rapid,  disease-free  growth,  and  in 
superior  wood  from  trees  of  better  form.  When  inherently  superior 
pines  have  been  found,  tested,  and  made  available,  the  demand  for 
planting  stock  is  certain  to  increase. 


Chapter  6 


Growth  and  Yield 

Proficiency  in  the  constant  adjustment  of  growing  space  to  the 
needs  of  trees  and  stands  is  essential  to  good  silvicultural  practice. 
It  is  necessary  to  know  how  much  room  is  needed  for  crop  trees  of 
different  sizes  and  stands  of  various  ages,  not  merely  to  retain  life 
but  also  to  exclude  weed  species,  to  maintain  quality  or  increase 
growth,  to  permit  regeneration  only  as  needed,  and  to  sustain  reason- 
able yields  of  designated  products.  Proficiency  involves  deliberate 
compromise  in  so  far  as  any  of  these  forest  objectives  may  be  con- 
flicting, but  all  costly  waste  of  soil  productivity  should  be  avoided. 

Certainly  knowledge  of  capacity  for  growth  and  yield  is  prerequi- 
site to  good  management  of  loblolly  pine.  Associate  species,  stand 
density,  and  periodic  cuttings  need  to  be  well  controlled  in  the 
process. 

ASSOCIATED  SPECIES 

Survey  data  generally  show  loblolly  pine  producing  2  or  3  times 
as  much  volume  per  acre  as  the  associated  hardwoods.  Miller  (1954) 
observed  this  on  the  Hill  Demonstration  Forest  in  Durham  Co..  N.  C. 
where  he  studied  plots  in  the  soil  province  known  as  the  Carolina 
slate  belt,  with  the  following  results : 

Species  Site  index       Age      Mean  annual  increment 

(feet)         (years)     Cubic  feet  Board  feet 

Loblollypine   85  31  117  488 

Virginia  pine   75  46  92  365 

Upland  hardwoods. .       69  49  47  171 

On  slopes  and  ridges  generally  loblolly  pine  produces  nearly  twice  as 
much  merchantable  timber  in  a  given  length  of  time  as  does  sweet- 
gum  I  Ralston  1955  .  The  difference  in  yields  in  favor  of  loblolly 
pine  is  less  pronounced  on  bottom  lands.  Where  surface  soil  is  shal- 
low loblolly  pine  excels  yellow-poplar  in  radial  growth  and  in  yield 
during  the  first  25  years,  but  after  that  the  yellow-poplar  is  slightly 
superior  I  Hocker  1953  I .  The  yield  from  loblolly  pine,  however,  less 
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sensitive  to  loss  of  fertility  than  that  of  yellow-poplar,  does  not  de- 
crease so  rapidly  in  relation  to  decreasing  depth  of  the  A  horizon. 

Hardwood  species,  like  yellow-poplar,  not  only  help  to  maintain 
forest  soils  in  productive  condition  but  also  help  the  pines  to  prune 
themselves.  In  mi  managed  stands  of  mixed  species  individual  pines 
closely  surrounded  by  hardwoods  contain  the  most  high-grade  lum- 
ber. ^Vhere  the  basal  area  of  hardwoods  equals  that  of  the  pine  at 
60  years,  some  22  percent  of  the  volume  per  pine  tree  may  consist  of 
B  and  Better  lumber  whereas  if  there  is  ten  times  as  much  basal 
area  in  pine  as  in  hardwoods  at  60  years,  only  about  8  percent  of 
the  pine  volume  will  be  B  and  Better  lumber  (Paul  1932a  .  Hop- 
kins 1957  and  195S  found  no  evidence  that  either  site  index  or 
total  basal  area  in  hardwoods  influenced  the  quality  of  loblolly  pine 
lumber  produced,  but  that  the  quality  index  of  the  pine  increased 
both  with  age  and  with  the  percentage  of  basal  area  in  subdominant 
hardwoods.  He  found  the  optimum  amount  of  understory  hard- 
woods to  be  about  5  percent  of  total  basal  area. 

For  the  highest  yield  per  acre  there  must  not  be  too  much  volume 
in  low-value  hardwood.  It  was  observed  by  Paul  (1932c)  that  the 
highest  net  lumber  values  were  to  be  found  in  stands  where  20  per- 
cent of  the  timber  was  hardwood  well  distributed  among  the  pines. 
A  greater  proportion  of  hardwoods  resulted  in  a  lower  production 
of  pine  lumber  and  a  smaller  net  value  per  acre  because  the  hard- 
wood is  less  valuable. 

Forbes  ( 1930  .  while  analyzing  about  700  sample  plots  in  a  south- 
wide  study  of  the  height  of  pines  in  relation  to  age.  found  that  site 
indices  of  the  four  leading  commercial  species  of  southern  pine 
averaged  as  follows:  Shortleaf  pine  69xo.  longleaf  pine  71.  slash  pine 
81,  and  loblolly  pine  92.  More  recent  extensive  surveys  confirm  the 
superiority  of  loblolly  pine  sites  over  those  occupied  by  shortleaf 
pine,  but  indicate  that  on  the  whole  they  are  not  better  than  the 
longleaf-slash  pine  sites.  Site  indices  are  the  principal,  but  not 
the  only  criteria  of  timber  yields  to  be  expected. 

Specific  differences  in  susceptibility  to  injury,  in  branch  habit 
or  crown  width,  and  in  length  of  rotation  are  also  involved.  For 
example,  near  vToodworth.  La.,  loblolly  and  slash  pine  were  planted 
together  6  by  8  feet  apart  in  alternate  3-row  strips  on  Ruston  fine 
sandy  loam  of  site  index  100  for  the  loblolly  pine.  At  23  years  of 
age  the  loblolly  supplied  56  percent  of  the  total  yield  of  32.6  cords 
of  pulpwood.  Crown  ratios  were  nearly  the  same  and  the  superior 
performance  of  loblolly  pine  is  ascribed  to  its  slightly  better  resist- 
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ance  to  both  fusiform  rust  and  ice  damage.  Narrow  crowns  in  early 
life  appear  to  be  advantageous  only  in  short  rotations.70 

PINE  CROP  TREES 

Development  as  individuals 

Loblolly,  when  fully  developed,  is  the  largest  of  the  southern 
pines,  occasionally  reaching  a  diameter  of  4  feet  with  the  lowest 
limbs  50  feet  from  the  ground  and  a  total  height  of  more  than  100 
feet  (Harper  1928).  The  maximum  d.b.h.  in  virgin  old  growth  is 
given  as  3  to  5,  averaging  4  feet  (Sargent  1884,  Rothrock  1890,  Zon 
1905).  On  the  good  sites  heights  reached  130  or  140  feet  in  some 
places,  but  90  to  110  feet  was  more  often  found  with  diameters  of 
2  to  2%  feet.  Longevitj^  was  restricted  by  red  heart.  This  decay 
in  the  heartwood  usually  was  less  than  5  and  seldom  more  than  14 
percent  of  the  volume  of  trees  70  to  80  years  of  age.  Old  at  100, 
many  reached  150,  and  exceptional  ones  300  years.  The  longevity 
and  the  quality  of  the  timber  varied  by  locality.  In  marked  con- 
trast to  the  stunted  trees  found  in  the  Coosa  valley  of  Alabama  were 
the  large  high-quality  loblolly  pine  found  in  poorly  drained  swales 
on  the  "Warrior  tableland.  Here  trees  110  to  120  feet  tall  were  clear 
of  branches  for  45  to  70  feet  and  averaged  2  feet  in  diameter  (Mohr 
1901). 

Similarly  on  moist  sites,  within  stands  of  bottom-land  hard- 
woods some  of  the  largest  pines  still  remaining  in  the  South  are 
specimens  of  loblolly  pine.  The  tallest  known  living  loblolly  pine  in 
America  in  195471  measured  54  inches  in  d.b.h.,  was  151  feet  high, 
and  had  a  crown  spread  of  59  feet  (quarterly  report  from  the  Tide- 
water Research  Center  of  the  LT.  S.  Forest  Service  at  Franklin,  Va., 
dated  December  1954).  The  tree  is  located  in  the  Bigwoods  Experi- 
mental Forest,  near  Franklin,  Va..,  and  withstood  100  m.p.h.  winds 

70  At  Urania,  La.,  on  identical  sites,  longleaf  was  observed  to  yield  15  per- 
cent more  than  loblolly  pine  in  rough  cords  at  36  years  from  seed,  despite  its 
5-year  lag  in  starting  height  growth.  The  explanation  is  that  with  narrower 
crowns  the  longleaf  retained  more  trees  per  acre,  and  the  excess  number  more 
than  offset  the  slower  growth  of  individual  trees  (Chapman  1953).  This  early 
advantage  for  longleaf  pine  in  wood  production  is  lost,  however,  as  crowns 
widen  during  the  longer  rotations  used  in  growing  sawtimber  on  loblolly  pine 
lands. 

71 A  champion  63 -inch  tree  according  to  the  records  of  the  American  For- 
estry Association  is  located  in  Dinwiddie  County,  just  below  the  Amelia  County 
line,  where  it  stands  on  a  property  corner  of  3  land  owners,  near  Petersburg, 
Virginia.  It  is  128  feet  high  with  a  crown  64  feet  wide.  (Virginia  Forests  11 
(2):16,  1956;  American  Forests  62  (4)  :33-40,  April  1956,  reported  by  E.  G. 
Turner,  Amelia.) 
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Figure  50. — Tree  dimensions  in  relation  to  breast-high  diameters  and  age  in 
Arkansas:  A,  Dash  lines  delimit  usual  variation  in  height  found  on  2,843 
sample  second-growth  and  residual  trees  measured  in  1938  near  Crossett;  B, 
dimensions  recorded  earlier  on  old-growth  timber  near  Pine  Bluff  (Olm- 
stead  1902). 
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Table  23. — Dimensions  of  virgin  loblolly  pine  trees  on  average  sites  in  east 
Texas  (Zon  1905) 


Stem  diameter1 

At  breast         At  base  of 
height  crown 

-  i  up  uiu iiLoiei 
m  terms  of  — 

rl  h  h 

a.o.n. 

l  otai 

Height 

Clear 

Clear  stem 
-    in  terms  of 
height 

Inches 

Inches 

Percent 

Feet 

Feet 

Percent 

10 

85 

53 

63 

12 

6.4 

53 

90 

60 

67 

14 

6.9 

49 

93 

65 

70 

16 

7.7 

48 

94 

66 

70 

18 

8.5 

47 

96 

67 

70 

20 

9.7 

49 

99 

67 

68 

22 

10.9 

50 

102 

67 

65 

24 

13.0 

54 

105 

67 

67 

26 

15.2 

58 

28 

17.2 

61 

30 

18.5 

62 

1  Annual  burning  has  been  observed  to  affect  stem  dimension  only  in  the  stump  area;  it  increased  butt  swelling  within 
1  foot  of  the  ground  (Chapman  1942a). 

in  hurricane  "Hazel"  in  October  1954.  Its  age  has  not  been 
determined. 

At  a  given  age,  say  100  years,  heights  are  greater  on  the  better 
sites  and  diameters  greater  where  trees  have  long  been  free  from 
crowding.  Heights  of  saw-log  trees  may  vary  as  much  as  50  feet 
within  a  diameter  class,  but  the  usual  range  is  only  20  feet  (fig. 
50,  A),  with  slightly  more  than  half  the  height  clear  of  branches  in 
second-growth  stands  or  70  percent  in  old  growth.  Typical  di- 
mensions for  good  old-growth  timber  are  shown  in  relation  to 
diameters  in  table  23  for  Texas  and  in  relation  to  age  in  figure  50,  B 
for  Arkansas. 

Comparable  records  on  virgin  trees  in  South  Carolina  show  age 
by  size  classes  and  volume  by  age  classes  as  follows  (Chapman  1905)  : 

D.b.h.  Age  Age  Volume 

(inches)  (years)  (years)         (board  feet) 

5   17           40   "l40 

10   30           80   480 

15   46          120   760 

20   71          160   1,030 

25   104         200   1,260 

30   143          240   1,460 

In  second  growth  with  plenty  of  soil  moisture  it  is  not  unusual 
for  young  loblolly  pines  to  reach  25  feet  in  height  in  10  years.  In 
this  period  diameter  growth  is  related  more  closely  to  crown  length 
than  it  is  to  crown  ratio  (Dubow  1954).  During  the  first  40  to  45 
years  on  the  best  sites  the  pines  maintain  an  average  rate  of  growth 
in  height  of  2  feet  a  year  (Cope  1923a).   For  simultaneous  good 
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growth,  in  diameter  the  stands  may  need  to  be  thinned  to  prevent 
excessive  shortening  of  their  crowns.  In  relation  to  total  height  the 
green  crown  needs  to  cover  40  percent  until  the  trees  are  30  feet 
high,  while  taller  trees  need  at  least  30  percent  crown  (Lotti  1956b). 
The  longer  crowns  are  also  broader  on  crop  trees  and  growth  at 
breast  height  is  related  to  breadth  of  crown  about  as  follows  (Paul 
1931a.  1932a  and  1932b)  : 


Crown  width  Diameter  growth  in  last  10  years 

(feet)  (inches) 

10   0.6-0.7 

15   1.0-1.1 

20   1.4-1.5 

25   1.8-1.9  . 

30   2.0-2.4 


The  trees  with  the  larger  crowns  are  those  that  have  been  rela- 
tively free  to  grow  for  many  years.  Among  them  the  diameters  at 
breast  height  increase  only  2  inches  in  10  years  on  sites  of  index 
50.  but  they  increase  nearly  twice  as  fast  on  sites  of  index  100 
(Larson  1957)  : 


D.b.h.1  when  age  in  years  is — 


Site 

20 

30 

40 

50 

60 

index 

(inches) 

(inches) 

(inches) 

(inches) 

<  inches) 

50 

4.0 

6.0 

8.0 

10.0 

12.1 

60 

5.1 

7.4 

9.8 

12.1 

14.4 

70 

6.2 

8.8 

11.4 

14.0 

16.7 

80 

7.4 

10.2 

13.1 

16.0 

18.9 

90 

8.5 

11.6 

14.8 

18.0 

21.2 

100 

9.6 

13.0 

16.5 

20.0 

23.5 

1  Basis:  Increment  cores  from  dominant  and  codominant  sample  trees  selected  throughout  North  Carolina — one 
from  each  of  2 , 725  survey  plots. 


In  well-stocked  stands  the  average  diameter  attained  at  50  years  is 
about  27  percent  less. 

The  yearly  increase  in  volume  and  value  of*  pulpwood  trees  where 
they  grow  at  the  rate  of  1  inch  in  3  years,  as  at  Crossett,  Ark.,  is 
as  follows  (Reynolds  and  Clark  1948)  : 


D.b.h.                         Volume  per  tree  Annual  increase 

(inches)  ( cords)  .  (percent) 

4   0.009  38 

5   .020  27 

6   .037  23 

7   .061  17 

8   .092  12 

9   .126  11 

10   .166  9 

11   .213  8 

12   .264  7 


On  this  forest  the  rapid  high-quality  growth  of  many  trees  re- 
leased from  suppression  gives  no  evidence  of  inferiority  in  these 
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trees.  Their  diameter  growth  per  decade  was  as  follows:  Average 
of  first  4  decades,  1.4  inches;  decade  prior  to  release,  1.2  inches; 
decade  after  release  (about  1915),  4.2  inches.  Thus  release  tripled 
diameter  growth  (Reynolds  1952b). 

In  southern  yellow  pine  second-growth  as  well  as  old-growth  saw- 
timber  is  commonly  utilized  up  to  a  top  stem  diameter  of  roughly 
half  the  d.b.h.  measurement  (Girard  1933)  (table  23).  Although 
stem  form  (Form  Class  59  to  82  in  saw-log  trees)  varies  widely  with 
crown  class  in  different  stands,  the  usual  dimensions  of  loblolly  pine 
trees  in  North  Carolina  are  related  to  their  log  and  board-foot  con- 
tent about  as  follows: 


Merchantable 

Tree  volume,  Inter- 
height  D.b.h.  16 .3-foot  saw  logs  national  \-inch 
(feet)  (inches)  (number)  (board  feet) 

40   10  1  19 

50   12  If  53 

60   14  2  110 

70   15  2\  160 

80   16  3  217 

90   17  4  315 

100   18  4|  420 

120   19  5  535 


Upper  stem  diameters  of  these  trees  have  been  tabulated  in  detail  by 
height  classes  from  40  to  140  feet  and  by  half-log  stem  sections  for 
loblolly  pine  sawtimber  both  above  and  below  75  years  of  age  (Ashe 
1915).  This  study  clearly  showed  that  the  relation  of  stem  thickness 
at  any  given  height  above  ground  to  d.b.h.  is  linear  for  all  trees  in 
a  single  total-height  class.72  In  trees  10  to  20  inches  in  diameter  the 
merchantable  portion  of  the  stem  volume  may  vary  from  75  percent 
in  30-foot  trees  up  to  96  percent  in  100-foot  trees. 

Bark  volume  ranges  from  nearly  20  percent  in  6-inch  trees  down 
to  about  14  percent  in  14-inch  trees  (section  on  Wood  Derivatives 
in  chapter  10.  Properties  and  Uses),  but  varies  widely  also  wher- 
ever there  is  a  wide  range  of  ages  within  diameter  classes.  The  older 
trees,  especially  the  small  ones,  are  relatively  thin  barked.  Infor- 
mation on  bark  volume  is  useful  mainly  in  approximating  the  solid- 
wood  content  of  unpeeled  wood.  Rough  bolts  sold  for  pulpwood  are 
barked  by  machinery  at  the  mills. 

During  the  past  15  years  the  trend  has  been  toward  purchase 

72  Formulas  for  these  linear  taper  series  are  tabulated  bv  half -log  lengths  in 
the  appendix,  table  67. 

Merchantable  volumes  and  numbers  of  pulpwood  bolts  by  height  classes  are 
shown  in  the  appendix,  table  69. 
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of  pulpwood  by  weight  Taras  1956.  Yandle  19  5  6  *. 73  Since  weight 
decreases  as  wood  seasons,  buyers  who  purchase  by  weight  place  a 
premium  on  delivery  of  fresh  wood  free  from  blue  stain. 

In  silvicultural  operations  to  produce  sawtimber  much  pulpwood 
is  available  as  a  byproduct,  both  from  trees  removed  in  thinning 
operations  and  from  the  formerly  unused  tops  of  saw-log  trees.  In 
the  usual  practice,  the  tree  tops  yield  only  about  a  quarter  of  a 
cord  per  M  board  feet  cut.  but  this  can  be  doubled  where  only  high- 
grade  material  is  used  as  saw  logs. 

The  amount  of  pulpwood  available  increases  with  a  decrease  in 
merchantable  I  saw-log  height.  Thus  3-  or  4-log  timber  may  yield 
only  a  tenth  of  a  cord,  whereas  2-log  timber  can  yield  a  half  cord,  or 
1-log  timber  iy2  cords  per  M  board  feet  (Brender  1947).  When 
whole  trees  are  cut  for  pulpwood  the  yield  increases  with  an  increase 
in  any  dimension,  but  the  amount  of  pulpwood  available  decreases 
somewhat  with  an  increase  in  the  diameter  of  the  trees  from  which 
saw  logs  are  taken.  The  volume  of  both  products  is  affected  by  com- 
mercial utilization  limits  in  the  tops  of  the  trees  I  appendix,  table 
70). 

A  host  of  volume  tables  are  available  and  their  misuse  introduces 
a  legion  of  errors.  Special-use  tables  are  continually  needed.  Sam- 
ples are  given  in  the  appendix  for  illustration  and  possible  use  in 
building  local  tables  to  serve  specific  purposes.  In  general  timber 
volumes  i  or  weights  based  on  the  diameters  <  d.b.h.  or  erown  and 
total  height  of  loblolly  pines  i  appendix,  tables  69.  71.  72.  76  are 
better  for  research  purposes  than  are  those  based  on  merchantable 
heights  in  feet  or  log  lengths  -table  74). 

The  reverse  is  true  in  commercial  cruising.  For  that  a  locally 
chosen  table  I  such  as  table  74  in  the  appendix  or  one  derived 
from  it  is  preferable.  The  amount  of  lumber  that  can  be  cut  from 
pines  varies  with  both  usable  log  length  and  form  of  the  boles. 
G-irard's  quotient,  diameter  inside  bark  at  the  top  of  the  first  log  in 
terms  of  d.b.h.  outside  bark,  is  a  common  expression  of  form.  If 
the  average  form  of  the  local  timber,  or  better  still,  the  stem  quotient 
typical  of  each  d.b.h.  class  is  available,  the  factors  shown  in  table 
74  can  be  used  to  adjust  an  available  table,  or  if  necessary  to 
construct  a  superior  local  table.  For  example,  where  the  Girard 
quotient  is  78,  as  it  often  is  in  southern  pine,  the  volumes  in  table 

73  For  this  the  cubic  volume  data  of  table  69  in  the  appendix  are  converted 
to  pounds  of  freshly  cut  wood  in  table  76  in  the  appendix.  Formulas  for  re- 
lating volume  and  weight  are  given  in  the  section  on  Estimating  Raw  Materials 
in  this  chapter. 
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74  will  apply  if  multiplied  by  1.07.  Often  a  determination  of  form 
permits  selection  of  a  suitable  published  table.  To  implement  this 
problem  in  southern  pine  Mesavage  and  Girard  (1946)  have  formu- 
lated 26  separate  tables  for  form  classes  65  to  90  utilizing  three  log 
rules  (International  14-inch,  Scribner,  and  Doyle).  They  also  pro- 
vide a  table  of  stem  taper  above  the  butt  log  and  give  instructions 
for  correcting  existing  volume  tables. 

Where  the  Girard  form  class  is  80  and  where  aerial  photographs 
are  available  from  which  the  height  and  crown  diameters  of  trees 
can  be  determined,  volume  of  timber  may  be  estimated  from  the 
data  in  table  72  in  the  appendix.  This  works  best  for  the  dominant 
portion  of  the  stand  most  readily  visible  in  the  pictures,  but  some- 
one trained  in  photo  interpretation  and  a  certain  amount  of  ground 
checking  are  essential  to  an  acceptable  cruise  based  on  photographs. 
In  converting  pines  into  lumber  the  greatest  profit  per  tree  comes 
from  large-crowned  dominants,  but  the  highest  profit  per  acre  comes 
from  stands  with  a  maximum  number  of  trees  with  medium-sized 
crowns  (Paul  1932a). 

In  saw-log  stands  only  certain  trees  relatively  free  from  defects 
can  meet  the  exacting  requirements  and  bring  the  premium  prices 
paid  for  large  poles.74 

Growth  of  single  trees 

Productive  sites  favor  rapid  growth  in  height  everywhere  and 
rapid  growth  in  diameter  also  where  trees  are  not  crowded.  Where 
site  quality  is  80  to  85  feet  at  50  years,  trees  of  saw-log  size  growing 
3  inches  in  diameter  in  10  years,  have  living  branches  on  37  to  45 
percent  of  their  total  height.  The  width  of  their  crowns  in  feet  is 
1.12  times  their  d.b.h.  in  inches.  Faster  growing  trees  have  longer 
crowns  that  average  iy2  feet  wider,  and  slower  ones  shorter  crowns 
that  are  1%  feet  narrower  (Guttenberg  1953).  Although  a  live 
crown  ratio  of  40  percent  of  height  produces  the  maximum  volume 
of  clear  wood,  one  of  30  percent  produces  89  percent  as  much 
(Labyak  and  Schumacher  1954). 

Height  growth  and  crown  expansion  appear  to  be  independent 
of  foliar  density  within  the  crown,  but  trees  with  dense  crowns  grow 

74  Specifications  are  given  in  the  appendix,  table  68,  and  the  methods  of 
measurement  are  illustrated  in  figure  100,  chapter  10,  Properties  and  Uses.  The 
board-foot  content  of  trees  that  qualify  for  various  lengths  and  classes  of 
poles  are  given  (appendix,  table  75),  and  examples  of  the  quantity  of  pulp- 
wood  sticks  or  railroad  ties  contained  in  poles  of  certain  dimensions  are  shown 
in  table  54  in  chapter  10,  Properties  and  Uses.  These  data  are  most  useful 
to  landowners  in  making  all-important  comparisons  of  prices  as  between  the 
differently  measured  products  on  demand  in  local  markets. 
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Figure  51. — Difference  in  rate  of  diameter  growth  is  accompanied  by  differences 
in  tree  dimensions,  form  and  quality  of  stems  (Crossett  log  grades),  and 
general  appearance  even  among  trees  of  the  same  age  class. 

faster  in  diameter  (Grano  1957a).  Stem-quality  zones  in  mature  lob- 
lolly pines  vary  with  rates  of  growth  in  diameter  (fig.  51).  Similar 
differences  found  in  another  study  of  individual  trees  I  Deetlefs 
1954) -show  roughly  that  doubling  crown-length  ratio  may  about  dou- 
ble basal  area  growth,  apparently  as  a  result  of  a  4-fold  increase  in 
relative  crown  surface  (fig.  52).  Such  a  change  may  be  effected 
where  severe  crowding  is  relieved  by  thinning  and  the  trees  left  have 
had  time  to  respond.  In  even-aged  stands  the  average  length  of 
living  crowns  is  inversely  related  to  the  number  of  trees  per  acre. 
The  relative  crown-surface  area  of  single  trees  of  a  given  d.b.h.  is 
nearly  4  times  as  great  when  basal  area  per  acre  is  60  square  feet 
as  when  it  is  160  square  feet.  ^Vithin  a  stand  of  a  given  basal  area 
per  acre  the  large  trees  often  increase  their  basal  area  twice  as 
fast  as  the  small  ones. 

Open-grown  pines  that  retain  branches  nearly  to  the  ground 
have  roughly  conical  stems.  Forest-grown  pines,  particularly  the 
small-crowned  subdominant  trees,  tend  to  be  conical  within  the  crown 
and  nearly  cylindrical  below  it.  Maximum  diameter  growth  is  at 
the  base  of  the  crown.  To  this  the  lower  and  weaker  branches  con- 
tribute little  or  nothing.  Above  them  the  contribution  from 
individual  limbs  varies  with  size,  abundance,  and  thrift  of  their 
subbranches. 
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Figure  52. — Relation  between  crown  surface,  crown  length,  and  the  current 
growth  of  dominant  and  co dominant  loblolly  pines  from  20  to  60  years 
old.  Relative  crown  surface  was  gaged  by  two  maximum  dimensions  of  the 
crown,  width  (TF)  and  length  (i).  These  two  factors  were  each  recorded 
in  terms  of  percentage  of  total  height,  and  used  in  the  product  (100TTZ 
shown  on  the  upper  scale  (Deetlefs  1954). 

How  stem  growth  varies  at  four  heights  above  ground  was  studied 
in  the  Duke  Forest  using  weekly  measurements  during  two  grow- 
ing seasons.  The  maximum  rate  of  growth  was  attained  early  in  the 
season  at  all  four  points,  but  it  soon  decreased  near  the  base  while 
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Figure  53. — Cumulative  diameter  increment  at  four  points  for  forest-grown 
trees  with  a  crown  ratio  of  35  percent.  Growth  is  retarded  most  at  breast 
height  as  crowding  reduces  crown  ratio,  and  the  lower  bole  becomes  more 
nearly  cylindrical   (Young  and  Kramer  1952)-. 

it  continued  at  the  same  rate  near  the  top  of  the  trunk  (fig.  53).  Size 
of  crown  has  a  marked  effect  on  growth  below  but  little  influence  on 
growth  within  the  crown.  Trees  with  20  percent  crowns  increased 
only  one-sixth  as  much  in  diameter  near  the  base  as  near  the  top, 
but  the  growth  on  trees  with  50  percent  crown  was  nearly  half  as 
large  near  the  base  as  near  the  top.  Thus  in  pruned  trees  the 
merchantable  portion  tends  to  become  cylindrical. 

EQUILIBRIUM  DENSITY  VERSUS  DESIRABLE  STOCKING75 

When  a  site  is  fully  occupied  by  a  stand,  its  density  tends  to  be- 
come constant.  For  example  in  fully  stocked  mature  sawtimber, 
volume  and  basal  area  are  stable  except  for  interruptions  by  mor- 
tality and  subsequent  reaction  in  accelerated  growth.  This  equilib- 
rium density  may  be  close  to  the  biological  maximum  for  a  species; 
it  always  exceeds  the  density  required  for  management.  Neverthe- 
less, because  it  is  constant,  it  provides  an  efficient  base  for  express- 
ing degrees  of  stocking  useful  in  management. 

Little  is  known  of  the  rate  at  which  stands  approach  equilibrium, 
or  of  the  factors  which  determine  its  level.    The  work  of  Chaiken 

75  Equilibrium  density,  for  which  the  classical  name  in  forest  literature  is 
' '  normal ' '  is  too  high  for  timber  growing  enterprises.  It  represents  full  stock- 
ing in  theory — overstocking  in  practice.  Contrary  to  early  conceptions  it  does 
not  express  the  productive  capacity  of  the  soil,  climate,  and  species;  it  merely 
shows  the  accumulated  difference  between  growth  and  deterioration  on  the  stump. 
Undisturbed  stands  approach  this  equilibrium  rapidly  at  first,  then  gradually, 
and  are  eventually  subject  to  variations  above  and  below  the  level  of  equilib- 
rium. 
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(1939)  and  Wellwood  (1943)  suggest  that  the  approach  is  pro- 
foundly influenced  by  initial  stocking,  and  to  a  lesser  degree  possibly 
by  stand  age  and  site  quality.76 

Full  stocking 

In  undisturbed  fully  stocked  saw-log-sized  stands  of  loblolly  pine, 
basal  area  may  reach  250  square  feet  in  some  places,  but  it  fluctuates 
normally  around  an  equilibrium  value  between  125  and  185  square 
feet  per  acre.  Analysis  of  Chapman's  yield  plots  at  Urania,  La., 
(Meyer  1942)  gives  evidence  that  this  fluctuation  centers  at  154 
square  feet  of  basal  area  or  a  stand  density  index  (Reineke  1933)  of 
275  ±  15  as  the  100  percent  stocking  ''normal"  for  this  species  of 
pine.77  In  other  words  in  a  natural  even-aged  undisturbed  stand  of 
sawtimber,  averaging  10  inches  in  diameter,  the  number  of  trees  per 
acre  will  be  about  275  at  equilibrium  stocking  (Fig.  54,  A).  The 
density  of  younger  or  older  stands  can  be  readily  expressed  on  this 
basis  if  the  average  diameter  and  number  of  trees  is  known.  A 
convenient  table  of  multipliers  (Mulloy  1943)  is  available  for  com- 
puting S.D.I,  (appendix,  table  78).  A  formula  similiar  to  Reineke 's 
was  used  by  MacKinney  and  Chaiken  (1935a)  to  tabulate  the  num- 
bers of  loblolly  pines  needed  for  100  percent  stocking  at  each  average 
diameter  between  1  and  21. 78 

There  is  considerably  more  latitude  in  what  may  be  considered 
normal  full  stocking  where  trees  are  younger  and  smaller  (table  24), 
because  more  time  is  available  for  correction  of  abnormal  stocking 
in  the  course  of  natural  development.  Stand  density  index  is  least 
significant  as  a  measure  of  stands  in  the  seedling  or  sapling  stage, 
but  is  advantageous  to  use  because  it  is  independent  of  age  and  site 
and  because  of  the  ease  with  which  it  can  be  applied  to  widely  di- 
verse diameter  distributions  found  in  many  irregular  stands. 

76  The  level  of  this  equilibrium  density  does  not  appear  to  be  reduced  as 
site  quality  is  lowered,  though  it  may  be  reached  at  a  later  date.  At  a  given 
age,  of  course,  there  would  be  room  for  more  stems  on  a  poor  site  than  on  a 
good  one  because  the  trees  are  smaller,  but  for  a  given  stem  size  the  trees  on 
the  poor  site  suffer  the  more  severely  from  competition  and  hence  need  relatively 
more  space  if  they  are  to  make  acceptable  growth.  Thus  there  is  some  evidence 
that  the  equilibrium  level  (not  the  time  needed  to  reach  it)  is  largely  inde- 
pendent of  both  site  and  age. 

77  On  this  basis  the  early  yield  tables  for  southern  pines  (Misc.  Pub.  50, 
U.S.F.S.  1929)  were  at  least  6  percent  high,  i.e.,  above  equilibrium  density  for 
loblolly  pine.  Figure  54,  B,  is  based  on  these  tables.  See  also  appendix, 
table  79. 

78  These  values  were  obtained  from  the  regression  equation :  Logarithm  of 
number  of  trees  per  acre  =  —1.707  logarithm  of  average  D.B.H.o.b.  of  the 
stand  +  4.1588 ;  for  which  the  correlation  coefficient  is  .9625,  and  the  standard 
error  of  estimate  is  ±  .0862  in  logarithmic  units,  or  ±  17.2  percent. 
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Figuke  54. — Stand  characteristics  of  loblolly  pine  in  relation  to  degree  of  stock- 
ing: At  A.  100  percent  is  used  to  represent  the  level  of  biological  equilib- 
rium. Full  stocking  as  indicated  by  the  southern  pine  yield  tables  is  a 
maximum  (marked  by  opposing  arrows)  and  expressed  by  this  rule  of 
thumb  for  spacing  distances  1.08  (d  4-  1.25)  in  feet.  For  trees  10.6 
inches  in  d.b.h.  the  equilibrium  observed  by  Meyer  (1942 )  in  Louisiana  and 
marked  by  x  corresponds  to  an  S.  D.  I.  of  275  (Eeineke  1933).  At  B,  100 
percent  represents  full  stocking  according  to  the  yield  tables  (Stahelin 
1949). 
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Table  24. — Fully  stocked  even-aged  pure  loblolly  pine  stands  in  relation  to 
average  diameter  of  trees  in  2-inch  d.b.h.  classes1 


Medium  values  and  variation2  in —           Area  for  Square 

 single  pine  spacing  in 

Average     Arormal    Basal  area     Stand  density             in  natural  planted  Factor* 

d.b.h.     stand,  Ar-3     per  acre           (S.D.I.)                 stand4  stand'" 
(inches) 


Trees 

Sq.  ft. 

Index 

Percent 

Milacres 

Feet 

f 

4 

1350  +  75 

117+  8 

309  +  17 

112 

0.7 

5.7 

.379 

6 

680  +  50 

133  + 10 

299  +  22 

109 

1.5 

7.8 

.445 

8 

420  +  30 

146  +  10 

294  +  21 

107 

2.4 

10.2 

.499 

10... . 

. .    290  + 16 

158+  9 

290  + 16 

105 

3.4 

12.2 

.545 

19, 

211+  7 

165+  6 

282+  9 

103 

4.7 

14.3 

.5S6 

14 

160+  3 

170+  5 

274+  5 

100 

6.2 

16.5 

.623 

16 

127+  2 

177+  3 

270+  4 

98 

7.9 

18.6 

.657 

18 

105+  1 

186+  1 

270+  3 

98 

9.5 

20.8 

.688 

1  These  data  are  approximations  from  several  sources  including  Misc.  Pub.  50  (U.S.F.S.  1929),  MacKinney  and 
Chaiken  1935a.  Chisman  and  Schumacher  1940,  and  the  author's  own  studies.  The  densities  represent  the  biological 
maxima  for  the  species,  and  are  not  suitable  for  managed  stands.  The  corresponding  crown  cover  is  usually  not  less  than 
80  percent  complete — admitting  not  more  than  25  percent  of  full  sunlight  to  the  forest  floor. 

2  The  ±  signs  indicate  range  of  variation  between  the  different  authorities  consulted. 

3  On  "log-log"  paper  this  trend  is  linear,  following  the  formula:  log  N  equals  4. 161  —  1.  708  log  d.b.h.  The  stand 
ratios  by  2-inch  diameter  classes  (q  values  a  la  Liocourt)  decrease  here  from  about  2.0  to  1.2. 

4  Approximately  1000  divided  by  normal  stand. 

5  The  formula  for  this  spacing  is  1.08  (d.b.h.  +  1.25). 

6  Converting  factor  equals  basal  area  divided  by  S.D.I,  or  S.D.I,  equals  basal  area  divided  bvf  i  Brender  and  Barber 
1956). 

Although  normal  yield  tables  or  charts  (fig.  55  and  table  79  in  the 
appendix)  may  be  used  cautiously  to  predict  yields  obtainable  from 
well-stocked  even-aged  stands  over  long  periods,  they  are  unreliable 
even  for  short-term  forecasts  of  yields  from  understocked  and  mixed 
species  forests.  If  used  for  this  purpose  corrections  for  composition 
and  for  stand  density  are  needed  to  allow  for  the  rate  at  which  each 
undisturbed  stand  will  approach  full  stocking.  AYith  information 
on  initial  age,  density,  and  site  quality,  such  corrections,  applicable 
to  pure  loblolly  pine  stands,  can  be  based  on  relationships  portrayed 
in  figure  56.  The  report  on  this  study  (Chaiken  1939)  explains  the 
application  of  such  information  to  avoid  serious  errors  when  loblolly 
pine  yield  tables  are  used  to  predict  growth. 


Management  opiim um 

Forest  managers  who  seek  maximum  volume  production  per  acre 
need  to  know  what  stand  density  favors  it.  Correct  spacing  of  lob- 
lolly pines  unfortunately  must  vary  not  only  with  site  and  age, 
but  also  with  the  different  objects  in,  and  facilities  for.  forest  man- 
agement. Xo  close  agreement  on  this  vital  matter  can  be  expected 
until  much  more  research  and  experience  are  available.  Under  even- 
aged  management  a  basal  area  of  90  to  95  square  feet  per  acre  is 
favorable  (fig.  57).  The  mean  annual  increment  in  units  of  rough 
wood  culminates  at  30  to  40  years  in  well-stocked  stands  or  at  40  to 
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Figuee  55. — Volume  per  acre  of  fully  stocked  stands  varies  with  age  and  site 
index.  The  cubic  measure,  A,  here  is  for  trees  3.6  inches  in  d.b.h.  and  larger; 
the  board  measure,  B,  is  by  the  International  %-ineh  rule  for  trees  6.6  inches 
in  d.b.h.  and  larger  (Meyer  19-42). 
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Figttie  57. — Basal  area  growth  of  loblolly  pine  peaks  between  90  and  95 
square  feet  of  growing  stock  (an  adaptation  by  T.  C.  Evans  of  data  by 
Simmons  and  Sehnnr  1937). 


50  years  in  stands  less  than  half  stocked  at  the  start  fig.  58  .  Under 
all-aged  systems  of  silviculture  the  timber  trees  mnst  have  space 
enongh  not  only  for  good  growth  bnt  also  for  adequate  regeneration. 
One  thing  is  certain,  optimum  stocking  for  growing  sawtimber  under 
selection  systems  must  be  well  below,  perhaps  only  half  or  two- 
thirds  of.  the  equilibrium  density    Reynolds  1954b). 

A  study  of  growth  in  producing  pulpwood  [MeClay  1955b)  in- 
dicates most  satisfactory  increment  where  the  basal  area  in  square 
feet  is  ten  below  the  site  index  in  feet.  Less  growing  stock  means 
the  soil  is  not  being  fully  utilized.  Ashe  - 1929  estimated  optimum 
loblolly  pine  stocks  in  volume  per  acre  by  broad  age  classes  as  fol- 
lows :  2.300  cubic  feet  at  20  to  30  years.  4.500  cubic  feet  at  35  to  50 
years,  and  6.400  cubic  feet  or  29;000  board  feet  at  50  to  70  years  for 
maximum  values. 
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Figure  58. — Average  yearly  growth  per  acre  in  units  of  rough  wood  from  trees 
6  inches  in  diameter  and  larger  (A  I  where  density  index  is  100  percent 
for  stands  of  different  site  quality,  and  (B)  on  a  site  of  index  80  and 
for  stands  of  different  densities  at  20  years  of  age.  Broken  lines  inter- 
sect culminations  of  increment  (MacKinney  and  Chaiken  1956). 

Typical  distribution  of  pines  by  diameter  classes  in  undisturbed 
stands  is  shown  in  figure  59. 

Early  plantations  were  closely  spaced  assuming-  that  survival 
would  be  low.  thinnings  would  be  feasible,  and  many  stems  desirable 
from  which  to  make  later  selection  of  crop  trees.  Ware  and  Stahelin 
(1948)  reported  that  350  trees  per  acre  are  needed  at  14  years  to 
provide  enough  vigorous  and  well-spaced  trees  for  a  maximum  yield 
of  high-quality  products.  This  is  still  true,  but  recently  planted 
pines  have  been  spaced  more  widely  in  anticipation  of  better  sur- 
vival, to  make  scarce  or  costly  planting  stock  cover  more  land,  and 
to  obtain  pulpwood  on  short  rotations  without  benefit  of  thinnings. 
Competition  starts  in  most  stands  long  before  it  is  noticed.79 

79  This  fact  should  be  recognized — not  necessarily  circumvented.  To  avoid 
early  competition,  loblolly  pine  introduced  commercially  in  the  southern  hem- 
isphere is  often  spaced  widely.  It  is  reported  from  Australia  (Queensland 
Forest  Serv.  Ann.  Ept.  1946-47)  that  trees  13  feet  apart  are  already  competing 
at  7  years  of  age.  The  trees  may  become  larger  on  good  than  on  poor  sites 
by  the  time  measurable  competition  starts  (Pennefather  1948),  but  even  so, 
rapid  growth  may  be  expected  to  hasten  the  conflict.    In  South  Africa  loblolly 
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Figure  59. — Cumulative  stand  graph  showing  percentage  of  pines  above  the  diam- 
eters given  in  seven  well-stocked  pure  stands  of  different  average  diameter 
(Meyer  1942). 

The  yield  of  loblolly  pine  stands  (85  to  100  percent  normal)  in 
the  Coastal  Plain  between  Chesapeake  and  Mobile  Bays  is  shown  in 
•:able  25  and  the  numbers  of  trees  as  related  to  age  and  site  in  fig- 
ure 60.-"  For  the  imthinned  stands  in  table  25  the  average  spacing 
distance  varies  from  8.1  feet  between  trees  on  the  poorest  site  at  20 
years  to  20.8  feet  between  trees  on  the  best  site  at  80  years.  At  50 
years,  the  range  extends  from  12.2  feet  on  site  60  to  18.8  feet  on  site 

pines  spaced  6  by  6  begin  to  compete  in  the  second  year,  10  by  10  in  the 
fourth  year,  14  by  14  in  the  sixth  year,  and  20  by  20  in  the  eighth  vear  (Penne- 
father  1948). 

so  When  numbers  of  trees  are  plotted  over  the  reciprocal  of  age  the  trends 
are  nearly  linear — the  curves  only  slightly  concave  upward.  For  saw-log  stands 
on  average  sites  the  numbers  per  acre  can  readily  be  approximated  from  the 
straight  line  represented  by  the  formula: 

I  =  3000S  —  55 

vhere  J  is  the  number  of  trees  0.5  inches  and  larger  per  acre,  and  B  is  the 
reciprocal  of  the  average  d.bJi.  (Schumacher  and  Coile — unpublished). 
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120.  The  spacing  on  all  site  qualities  less  than  100  is  related  to 
average  diameter  (D)  roughly  according  to  rule  of  thumb  D  -J-  3  or 
1.3D,  whereas  on  the  better  sites  it  is  only  D  +  2  or  LID.  A  con- 
stant multiplier  may  be  preferred  by  foresters  who  think  of  spacing 
in  terms  of  basal  area. 

EXPRESSION  AND  REGULATION  OF  DENSITY 

Density  of  reproduction 

When  no  attempts  are  made  to  control  or  localize  it,  pine  regenera- 
tion usually  occurs  in  irregular  patches.  It  is  then  best  gaged  by 
estimating  the  percentage  of  area  adequately  covered.  That  involves 
observing  the  presence  or  absence  of  one  or  more  living  pines  on  each 
small  unit-area  in  a  series  of  samples.  One  milacre  (0.001  acre)  is  an 
appropriate  unit  for  seedlings;  four  milacres  (0.004  acre),  for 
saplings. 81 

Where  there  are  5,000  to  7.000  seedlings  per  acre  there  is  little 
need  for  any  accurate  estimates.  As  soon  as  the  seedlings  are  large 
enough  to  be  readily  visible  rough  ocular  reconnaissance  of  the  area 
covered  is  sufficiently  accurate  for  most  purposes.  Adequate  repeat 
observations  to  judge  survival  are  more  important  than  precision  in 
a  single  survey. 

Space  requirements 

What  constitutes  "room  to  grow  and  none  to  waste"  in  forest 
stands  is  ever  changing  as  the  trees  become  larger  and  less  numerous. 
A  method  of  allocating  tree  area  according  to  d.b.h.  in  fully  stocked 
stands  has  been  developed  by  Chisman  and  Schumacher  (1940). 
They  found  no  perceptible  effect  of  age  or  site  index  upon  tree  area 
ratios.  According  to  their  equation  the  ground  area  allocation  of 
a  single  tree  in  terms  of  its  diameter,  d,  is  as  follows : 

Y  =  0.0480  +  0.0668c7  +  0.0267tf2 
where  Y  is  in  milacres  and  d  in  inches  (column  6,  table  24).  The 
same  formula  may  be  applied  to  the  summation  of  stand  data  of  an 
understocked  plot  to  derive  its  stocking  in  percentage  of  the  normal. 

In  his  study  of  space  requirements,  Stahelin  (1949)  used  data 
from  the  southern  pine  yield  tables  (U.S.F.S.  1929)  and  the  above 

81  The  relation  of  milacre  sampling  to  seedling  stand  per  acre  is  reported 
in  the  section  Eesults  of  Seeding  in  chapter  4,  Natural  Eegeneration.  A  study 
in  Arkansas  showed  the  results  from  the  two  measures  to  be  related  essentially 
as  follows:  1,000  seedlings  restocked  the  land  40  percent;  3,000,  67  percent; 
5,000,  80  percent;  7,000,  88  percent;  and  9,000,  94  percent.  The  interrelation- 
ships of  the  two  systems  of  measurement  have  been  reported  by  Lynch  and 
Schumacher  (Jour.  Forestry  39   (1)  :49-51.  1941). 
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Figure  60. — The  decrease  in  numbers  of  trees  per  acre  and  the  corresponding 
increase  in  average  diameter  in  a  well-stocked  stand  as  related  to  age  for 
loblolly  pine  in  the  Coastal  Plain.  At  a  given  age  the  trees  on  the  better 
sites  are  fewer  and  larger,  because,  with  more  rapid  growth,  they  encounter 
keen  competition  earlier  and  lose  the  smaller  trees  sooner  (Schumacher  and 
Coile — unpublished) . 

equation  (Chisman-Schumacher  1940)  deriving  the  following  formula 
for  basal  area  under  full  stocking: 


Basal  area  per  acre  1 


d 


(square  feet)       j     V  0.086936  +  0.07007d 

In  a  study  of  14-year-old  plantations  in  Alabama  (Ware  and  Stahelin 
1946  and  1948)  found  the  closest  spacings  producing  the  most  wood, 
but  loblolly  was  superior  at  somewhat  wider  spacing  than  slash  pine. 
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Table  25. — Yields  of   well-stocked  stands  of  Coastal  Plain   loblolly  pine 

(Schumacher  and  Coile  1954J3J1 
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80 
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92 
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1  By  permission  of  the  authors.  . 2  Trees  over  0.5  inch  in  d.b.h. 

3  Volume  uf  entire  main  stem  inside  bark.  4  Scribner  log  rule  to  6-inch  top  d.Lb. 

-  Cords  ~  tries  'z~:~az  :  5  ari  12.5  i-  :zf s  i.z.'z. 
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The  recommendations  for  thinning  young  stands  were  conservative. 
It  was  reported  that  only  with  a  spacing  at  least  as  close  as  8  by  8 
feet  can  loblolly  pine  with  good  survival  properly  utilize  the  soil 
12  years  after  planting.  To  be  equally  good  a  survival  of  90  percent 
would  have  to  be  attained  in  a  plantation  spaced  10  by  10  feet.  It  was 
concluded  that  the  pines  should  be  spaced  8  by  8,  or.  with  no  market 
for  thinning,  possibly  9  by  9,  not  wider.82  Wider  spacings  were  in- 
ferior because  the  value  of  speed  in  reaching  saw-log  size  was  offset 
by  the  low  quality  of  lumber  produced.  An  excessively  large  knotty 
core  is  formed  in  the  butt  log  of  widely  spaced  plantation  trees 
itable  26). S3 

Table  26. — Effects  of  plantation  density  on  development  of  loblolly  pine  dur- 
ing 14  years  in  Alabama  (Stahelin  1948a  and  b ) 


Stand  Current     Wood  to 

Spacing  Avg.  per  Knot        Trees      annual  2-inch 

d.b.h.         acre      Stocking1     surface2    cankered3  increment  top 


Feet  Inches  Trees  Percent  Sq.  In.  Percent  Inches  Cords 

4x4   3.7  1,904  140  1.3  7  0.11  30.2 

6x6   5.0  982  117  1.6  9  .30  30.9 

8x8   6.1  566  93  12.1  11  .33  26.4 

10x  10   6.3  418  72  7.5  10  .30  19.7 

12x  12   7.7  260  62  15.1  16  .52  17.9 

16  x  16   8.7  154  45  20.3  12  .46  13.4 


1  In  percent  of  (Reineke  1933)  S.D.I,  of  275  equal  to  full  or  equilibrium  stocking  of  100  percent. 

2  Cross  section  of  all  live  branches,  all  sound  dead  branches,  and  stubs  or  open  branch  scars  over  H  inches  in  diameter 
on  the  surface  of  the  first  16-foot  length  of  crop  trees  only. 

3  Cronartium  fusiforme  (A.  &  K.)  Hedge,  and  Hunt. 

Rules  of  thumb  for  desirable  spacing 

Inasmuch  as  many  tall  trees  of  intermediate  crown  development 
and  retarded  diameter  growth  are  capable  of  good  response  to 
thinning,  a  rule  of  thumb  based  on  diameters  alone  fails  to  provide 
them  with  all  the  space  they  can  readily  utilize.  For  this  reason  it 
has  been  proposed  that  height  rather  than  diameter  should  be  used  as 

S2  In  understocked  southern  forests  "a  large  amount  of  the  yearly  produc- 
tion of  dry  matter  is  diverted  to  the  ground  flora."     (Stahelin  1948a). 

83  To  express  stand  density  Deetlefs  (1953)  utilized  Schumacher's  approach 
To  the  problem  after  segregating  three  elements  of  a  forest  stand:  (1)  Dominant 
and  codominant  pines,  (2)  intermediate  and  overtopped  pines  and  (3)  under- 
story  hardwoods.  He  found  that  the  sum  of  the  areas  in  milacres  occupied  by 
each  of  these  groups  expressed  the  density  of  a  given  plot  in  terms  of  average 
density  for  all  plots  in  the  study.    His  formula  for  density  (D)  is  as  follows: 

D  =  0A170N  -f  0.1161  np  +  0.1161  nh  +  4.7934  B  +  2.8620  bp  +  2.8620 bh 
where  the  symbols  designate  the  following  stand  elements:  Number  of  dominant 
and  codominant  pines  N;  and  their  basal  area  B;  number  of  intermediate  and 
overtopped  pines  np,  and  their  basal  area  bp ;  and  the  number  of  hardwoods  in 
the  imderstory  nh,  and  their  basal  area  bh. 
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a  guide  to  correct  spacing. 838  Theoretically  preferable,  this  idea  has 
been  seldom  utilized  because  heights  are  more  difficult  to  estimate 
ocularly  than  are  breast-high  diameters.  Where,  as  in  the  unthinned 
stands  of  table  25,  the  average  spacing  of  trees  at  50  years  varies 
from  12  feet  on  site  60  to  19  feet  on  site  120.  it  is  equal  to  21  percent 
of  dominant  height  on  the  poor  site  or  16  percent  of  that  height  on 
the  good  site.  On  sites  of  intermediate  quality  the  spacing  is  18  or 
19  percent  of  the  height  of  dominant  trees. 

Simple  guides  for  spacing  pines  in  relation  to  their  diameters 
were  first  publicized  for  the  South  by  Mitchell  (1943,  1952)  and 
critically  compared  by  Averell  (1915).  The  principal  rules  are  illus- 
trated in  table  27.  The  most  popular  one  among  farmers  in  the 
Deep  South  specifies  that  the  distance  between  trees  in  feet  should 
approximate  the  average  d.b.h.  plus  6.  For  example  a  10-inch  and 
a  16-inch  tree  should  stand  19  feet  apart.  It  is  best  applied  to  crop 
trees  only  in  the  sapling  and  small-pole  stages  rather  than  to  smaller 
or  larger  trees.  It  commonly  brings  the  basal  area  into  the  range 
from  88  to  107  square  feet  per  acre,  but  for  trees  larger  than  11 
inches  in  d.b.h.  the  D  -f  6  rule  does  not  proA'ide  enough  space;  it  may 
permit  basal  area  to  approach  120  square  feet  per  acre.  It  permits 
rapid,  not  high-quality,  growth  in  saplings.  The  D  -j-  6  rule  appears 
to  be  a  good  rule  for  pulpwood  operations,  but  the  1.75  D  rule  brings 
more  consistently  good  results  over  a  wide  range  of  sizes.  The  1.75  D 
rule  approximates  77  square  feet  of  basal  area. 

Table  27. — Rules  of  thumb  as  rough  approximations  of  space  requirements 
in  relation  to  si^e  of  pine  trees 

Spacing  for — 
Average  d.b.h.  I'D)  in  inches 


4 

6 

8 

10 

12 

Guide  to  spacing  before  and  after  thinning 

Average  height 

in  feet1 

operations 

30 

4-5 

57 

68 

75 

Feet 

Feet 

Feet 

Feet 

Feet 

Before  thinning: 

A  full  stand,  1.08  (D  +  1.25)  or 

roughlv  D  +  2  

6 

8 

10 

12 

14 

The  dominant  and  codominant  portion, 

D  +  4  

8 

10 

12 

14 

16 

After  thinning: 

A  useful  common  rule,  D  +  6  

10 

12 

14 

16 

18 

A  good  rough  rule,  1 . 75  D  

7 

10* 

14 

171 

21 

1  In  a  full  stand  the  equivalent  square  spacing  amounts  to  about  1  '5  of  tree  height,  whereas  after  thinning  it  should 
be  roughly  1/4  of  tree  height. 

83a  Wilson,  F.  G.  1946.  Numerical  expression  of  stocking  in  terms  of  height. 
Jour.  Forestry  44:758-761. 
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The  simplicity  of  additive  rules84  makes  them  popular,  however. 
If  they  are  retained,  smaller  constants  for  young  stands  are  advisable 
wherever  limby  trees  are  undesirable.  Tyler  (1952)  suggests  vary- 
ing the  rule  constant  as  follows : 

D.b.h.  class  Additive  rule 
(inches)  constant 

4-  5   3 

5-  7   4 

7-9   6 

9-11   8 

The  diameter  growth  of  dominant  loblolly  pines  falls  off  appreciably 
where  trees  are  spaced  at  D  plus  a  constant  less  than  4  |  Cummings 
1952b  i  : 

Years  per  radial  in^    Time  required  to  prove 
Additive  ruh  of  wood  1  inch  in  d.b.h.,  o.b. 

constant  (rings)  (years) 

6   3.7  2.8 

5  :.  3.6  2.7 

4   4.0  3.0 

3   4.9  3.7 

2   6.6  5.0 

1   7.8  5.9 

GROWING  STOCKS  AND  INCREMENT 

Rates  of  growth  of  loblolly  pine  timber  are  gaged  in  three  princi- 
pal ways :  1 1  Diameter  or  height  growth  of  trees  using  linear  units, 
(2)  basal  area  increment  in  square  feet,  and  I  3  I  volume  growth  in 
cubic  or  board  measure.  This  section  reports  observations  on  growth 
in  these  terms  as  it  is  related  to  different  independent  variables. 
Among  these  the  primary  ones  are  the  crown  development  of  in- 
dividual trees,  and  site.  age.  and  density  of  timber  stands.  Such 
information  leads  to  a  consideration  of  how  gross  growth  per  acre 
may  be  reduced  by  mortality,  how  age  is  related  to  culmination  in 
net  growth,  and  similar  implications  for  management  of  the  timber. 
Growth  in  diameter,  height,  and  basal  area 

The  usual  decrease  in  loblolly  pine  diameter  growth  with  age  as 
noted  by  Chapman  (1905  '  in  unmanageel  forest  was  as  follows: 

Period  Periodic  diameter  growth 

(yews)  finches) 

20-30    3  9 

30-40   33 

40-50   2*6 

50-60    2*2 

60-70   is 

70-80   i;6 

-4  Several  of  these  rules  are  illustrated  in  their  relation  to  numbers  of  trees 
per  acre  and  to  recommended  thinning  practice  in  figure  17,A,  chapter  7,  Man- 
agement of  Immature  Timber. 
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In  managed  stands  some  of  this  deceleration  can  be  avoided  by  pro- 
viding adequate  growing  space  for  crop  trees. 

During  the  second  5  years  after  planting  loblolly  pines  8  by  8 
feet  near  AYoodworth,  La.,  growth  in  diameter  was  related  to  crown 
length  as  follows  (Mann  1954a)  : 

Live  crown  ratio  Annual  diameter  growth 


(percent)  (inches) 

30   0.12 

35   .18 

40   .21 

45   .23 

50   .25 

55   .27 

60   .31 


This  rate  of  growth  is  50  to  60  percent  of  the  amount  to  be  expected 
at  a  later  stage  under  good  management  in  Georgia.  There  the 
diameter  growth  of  loblolly  pine  was  observed  to  increase  in  direct 
proportion  to  its  crown  length  according  to  this  equation  (Johstono 
1954)  : 

Five-year  diameter  growth  =  0.3  +  0.04857  (CR-10) 
where  CR  is  live  crown  ratio  as  a  percentage  of  total  height.    As  re- 
lated to  a  wide  range  in  residual  basal  area  in  thinned  plantations, 
Mann  (1954a)  found  the  diameter  growth  of  the  100  largest  trees 
per  acre  varied  over  a  narrow  range  as  follows : 

Basal  area  left  after  thinning       Yearly  diameter  growth  of  100 


( square  feet)  largest  pines 

(inches) 

50   0 . 24 

70   .22 

90   .21 

110   .19 

130   .17 


Diameter  growth  of  loblolly  pine  over  extensive  areas,  regard- 
less of  management,  usually  follows  a  downward  trend  with  increased 
size  of  trees.  A  survey  sample  of  455  loblolly  pines  of  all  crown 
classes  in  the  proportions  in  which  they  were  found  on  the  Coastal 
Plain  of  Georgia  in  1952  showed  a  current  average  diameter  growth 
of  3.3  inches  in  10  years  to  be  distributed  by  tree  size  classes  as 
follows  (Cruikshank  1952e)  : 

Ten-year  growth  Ten-year, growth 

Starting  d.b.h.  of  wood  and  bark  Starting  d.b.h.  of  wood  and  bark 

(inches)  finches)             (inches)  (inches) 

6                             3.7          14   2.9 

8                             4.1          16   2.4 

10                             4.3          18   2.4 

12                            3.9         20+   1.9 
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After  saw-log-  size  is  attained,  such  a  decline  in  diameter  growth 
with  increasing  age  and  size  of  trees  applies  generally  to  under- 
stocked and  nnmanaged  forests  as  a  whole. 

Over  restricted  areas  of  forest,  particularly  in  well-stocked  even- 
aged  nnmanaged  stands,  relatively  slow  diameter  growth  appears  at 
both  ends  of  the  diameter  range.  The  small  trees  have  difficulty  in 
maintaining  their  growth  rate  as  the  dominant  ones  close  in  and 
around  them.  The  large  ones  also,  though  free  from  competition 
and  continuing  their  growth  in  volume  of  wood,  show  less  diameter 
increase  because  of  the  larger  bole  area  over  which  the  new  wood  is 
distributed.  Thus  Paul  (1931a)  found  diameter  growth  of  loblolly 
pine  increasing  up  to  the  18-inch  diameter  class  as  follows : 

Time  required  to  Time  required  to 

D.b.h.  grow  1  inch  D.b.h.  grow  1  inch 

(inches)  (years)  (inches)  (years) 

6   9            14   5 

8   8           18   4 

10   7           22   5 

12   6           26   6 

Maximum  diameter  growth  was  attained  by  medium-size  dominant 
trees.  Location  of  the  peak  in  diameter  growth,  however,  varies 
with  the  age  and  structure  of  different  even-aged  stands. 

Height  growth  shows  less  response  to  stand  density,  but  is  so 
closely  related  to  soil  differences  that  dominant  height  at  50  years 
is  used  as  an  index  of  site  quality.  The  distribution  of  loblolly  pine 
sites  is  associated  with  topography  throughout  its  range  much  as  it 
is  in  North  Carolina  (Cruikshank  1940d  and  1940e)  : 

Site  distribution  where  height  in 
feet  at  50  years  is — 


Coastal  Plain: 

Rolling  uplands  

Level  lowlands  

Bays,  ponds,  swamps.  . 

River  bottom  lands . .  . 

Average  

Piedmont,  rolling  uplands 


Over  90 

70-80 

Under  60 

(/percent) 

(percent) 

(  percent) 

2 

82 

16 

6 

75 

19 

3 

81 

16 

21 

74 

5 

6 

77 

17 

5 

85 

10 

In  observing  the  early  development  of  loblolly  pine  planted  in 
South  Africa  as  a  "medium  fast  growing  conifer,''  Craib  (1939) 
found  both  diameter  and  height  related  to  age  and  site  (table  28). 
The  crown  ratios  in  the  last  section  are  reduced  to  represent  the 
actively  functioning  length  of  the  living  crowns — the  portion  needed 
to  maintain  the  growth  shown.  This  rapid  growth.  31  feet  at  10 
years  on  site  90  in  South  Africa,  is  more  than  matched  by  one  stand, 
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Table  28. — Early  development  of  loblolly  pine  in  relation  to  age  and  site  in 
South  African  plantations  (adapted  from  Craib  1939) 

D.B.H.  OF  DOMINANTS 


Age 


Site  index  6  years  8  years         10  years         12  years         lJf.  years 


Inches  Inches  Inches  Inches  Inches 

70   1.8  3.1  4.6  5.9  7.0 

80    2.4  4.0  5.6  6.8  8.0 

90   3.1  4.9  6.5  7.7  8.8 

100    3.8  5.6  7.2  8.4  9.5 

110   4.4  6.3  7.9  9.1  10.1 

120   5.1  7.0  8.5  9.7  10.6 


TOTAL  HEIGHT 


Feet  Feet  Feet  Feet  Feet 

70   16  20  24  28  31 

80   18  23  28  32  36 

90   21  26  31  36  40 

100   23  29  35  40  45 

110   26  32  38  44  49 

120   28  35  42  48  54 


FUNCTIONAL  LENGTH1 


Percent  Percent  Percent  Percent  Percent 

70   94  85  77  71  65 

80   87  78  71  65  60 

90   81  72  67  62  58 

100   78  69  65  60  56 

110   77  68  63  59  54 

120   76  66  62  58  54 


1  Ratio  of  active  crown  to  total  height;  does  not  include  lowermost  weak  branches. 

34  feet  tall  at  10  years  on  site  89  in  an  old  field  in  east  Texas,  re- 
ported by  Zon  (1905). 

After  the  first  decade  basal  area  is  a  useful  measure  of  stand 
development.  Increasingly  evident  is  the  fact  that  normal  full 
stocking  can  be  materially  reduced  with  salutary  effects  on  the 
growth  of  trees  and  with  only  relatively  small  sacrifices  in  per-acre 
growth.  A  heavy  basal  area  of  154  square  feet  per  acre  probably 
can  be  reduced  30  to  50  percent  without  losing  more  than  10  or  15 
percent  of  the  possible  growth.  Where  loblolly  pine  was  planted  in 
southern  Illinois  it  was  observed  (Minckler  and  Deitschman  1953b) 
that  stands  thinned  to  81  square  feet  made  the  same  growth  in  basal 
area  as  did  the  unthinned  plots  with  132  square  feet  of  basal  area. 
From  Crossett.  Ark..  Reynolds  (1950a)  has  reported  that  apparently 
ideal  stands  have  about  75  square  feet  of  basal  area,  including  all 
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trees  1  inch  in  d.b.h.  and  larger.  About  18  to  23  square  feet  of 
this  total  are  in  trees  less  than  10  inches  in  diameter.  These  are 
rough  approximations  from  many-aged  stands. 

Deetlefs  (1954)  found  that  for  any  fixed  number  of  trees  per 
acre  between  50  and  500.  basal  area  growth  per  acre  increases  as 
stocking  in  basal  area  decreases  from  1-10  to  60  square  feet  per  acre. 
Only  in  stands  of  trees  under  saw-log  size  are  high  basal  areas  com- 
patible with  maximum  per-acre  growth.  When  stocking  in  basal 
area  is  fixed,  growth  in  basal  area  per  acre  increases  with  each  gain 
in  numbers  of  trees  up  to  350.  but  beyond  that  the  growth  in  basal 
area  does  not  rise  significantly  where  the  number  of  trees  is  increased 
up  to  500  stems  per  acre. 

Deetlefs'  study  also  revealed  the  following  relation  between  basal 
area,  increment,  and  age.  Between  the  ages  of  28  and  34  years,  total 
basal  area  growth  was  greatest  in  stands  periodically  thinned  to  80 
square  feet  of  basal  area  per  acre.  Subsequently  total  basal  area 
growth  in  stands  with  100  square  feet  of  basal  area  exceeded  that  of 
all  other  stockings.  Where  stand  density  was  held  constant,  current 
5-year  growth  in  basal  area  of  loblolly  pine  crop  trees  increased  with 
site  quality  and  decreased  with  age.  indicating  the  need  for  thin- 
ning. In  a  stand  of  100  trees  per  acre  averaging  12  inches  in  d.b.h. 
(basal  area  per  acre  79  square  feet),  the  average  tree  grew  about 
0.15  square  feet  in  basal  area  in  5  years.  This  would  apply  to  a  stand 
thinned  to  about  50  percent  of  its  normal  (or  stand  equilibrium) 
volume.  In  stands  less  than  half  stocked  the  increase  in  growth  of 
individual  trees  in  Deelefs'  study  was  offset  by  decrease  in  per-acre 
growth. 

Cubic  volume  growth  and  its  culmination 

Both  the  current  and  mean  annual  rates  of  growth,  and  the  re- 
lation between  them,  are  important  in  growing  pulpwood.  Annual 
growth  in  the  first  decade  after  cutting  is  clearly  related  to  site 
quality  and  residual  basal  area.S5  There  is  evidence  (fig.  61)  that 
the  maximum  rate  of  current  growth  in  volume  is  reached  with  60 
square  feet  of  basal  area  on  sites  of  index  70,  and  with  70  square 
feet  on  sites  with  index  80. 

85  Within  the  narrow  limits  of  this  10-year  period  the  age  of  stand  (25  to  35 
years) ^  shows  no  measurable  effect  on  the  growth  of  timber,  but  a  regression 
analysis  (McClay  1955b)  produced  the  following  equation  in  which  each  of  the 
independent  variables  was  significant  at  the  1-percent  level: 

Y=  0.033259(5^)  (SI)  —  0.019459(5.4)2  _  3.429160 
Where  Y  is  periodic  annual  growth  per  acre  in  cubic  feet  inside  bark  for  a  9-year 
period,  BA  is  residual  basal  area  per  acre  in  square  feet,  and  SI  is  site  index 
based  on  average  height  of  crop  trees  at  50  years  of  age. 
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Figure  61. — Effect  of  site  and  residual  density  on  annual  growth  for  a  9-year 
period  after  cutting  in  even-aged  loblolly  pine  pulpwood  stands  (McClay 


In  the  long  rim,  however,  timber  yields  can  be  maximized  only 
where  the  rotation  (average  age  of  crop  trees  in  final  harvests)  is 
selected  on  the  basis  of  the  age  at  which  growth  in  volnme  or  weight 
tends  to  culminate.  According  to  the  normal  yield  tables  for  south- 
ern pines  (table  79)  this  age  is  about  40  years  for  the  cubic-foot 
growth  of  loblolly  pine.  Maximum  accretion  in  weight  would  be 
somewhat  later.  The  culmination  comes  earlier  on  the  better  sites 
(fig.  58,  A)  and  later  where  stands  were  poorly  stocked  in  early 
life  (fig.  58,  B) .  This  tendency  for  site  quality  to  hasten  culmina- 
tion of  growth  appeared  in  an  early  study  by  Cope  (1923a),  which 
also  showed  that  an  additional  25  years  might  be  needed  for  growth 
in  board  feet  to  reach  its  maximum  (table  29).  The  culmination  of 
board-foot  growth  may  occur  only  10  to  15  years  later  according 
to  more  recent  studies  by  Davis  (1954)  (fig.  62).  He  has  used  the 
trend  in  periodic  annual  increment  to  locate  a  desirable  rotation  age. 
In  figure  62  this  is  indicated  by  the  intersection  of  the  broken  lines 
with  the  other  curves.  Obviously  short  rotations  are  more  feasible 
on  the  sites  of  better  quality  and  where  no  attempt  is  made  to  pro- 
duce saw  logs. 

The  continued  decline  of  the  curves  of  mean  annual  board-foot 
growth  (fig.  62)  beyond  50  years  is  not  solely  due  to  slower  growth. 
Often  it  is  largely  caused  by  decadence — mortality  (or  harvest)  of  the 
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Figure  62. — Growth  of  loblolly  pine  in  even-aged  stands,  including  stumps  and 
tops,  but  not  bark,  from  trees  3.6  inches  and  larger  in  d.b.h.  Solid  lines  are 
mean  annual  increments,  with  peaks  at  ages  shown  on  the  curves;  dash 
lines  are  periodic  annual  increments  for  sites  of  index  100  (after  Meyer 
1942  as  reported  in  " American  Forest  Management"  by  K,  P.  Davis  1954. 
By  permission  McGraw-Hill  Book  Co.), 
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Table  29. — Average  annual  growth  of  loblolly  pine  on  good,  medium,  and 
poor  sites  in  unmanaged  stands1 


Height  at  50  years — site  index  (feet) 
Age  (years)         90  SO  70  90  80  70 


20. 


25 
30. 
35. 
40. 
45. 
50. 
55. 
60. 


bic  feet 

Cubic  feet 

Cubic  feet 

Boosd  feet 

Board  feet 

Board  j 

148 

120 

86 

134 

33 

150 

125 

97 

255 

148 

60 

150 

126 

100 

374 

244 

143 

148 

126 

102 

490 

338 

223 

148 

125 

101 

595 

426 

285 

147 

124 

101 

673 

490 

333 

145 

123 

98 

711 

534 

368 

139 

118 

94 

706 

540 

382 

131 

111 

87 

676 

520 

383 

1  Italic  growth  figures  indicate  culmination  ages.  Basis:  a  study  on  the  eastern  shore  of  Maryland.  Cubic-foot 
growth  is  based  on  stemwood  with  bark  on  trees  3  inches  d.b.h.  and  larger.  Board-foot  growth  is  for  trees  8  inches  d.b.h. 
and  larger  (adapted  from  Cope  1923a,  as  revised  in  1925). 

larger  "poor  risk"  trees  in  pine  forests — a  loss  that  is  not  always 
offset  promptly  by  "ingrowth"  of  additional  trees.  What  this  mor- 
tality amounts  to  in  numbers  of  trees  2  inches  d.b.h.  and  larger  on 
sites  70  and  80  is  indicated  roughly  by  normal  yield  tables  as  follows : 


Age  Mortality  per  decade 

(years)  (percent) 

20   67 

30   40 

40   34 

50   25 

60   17 


This  holds  quite  generally  for  both  natural  and  old-field  stands  on 
the  gulf  coast  and  northward  where  it  was  confirmed  by  a  study  of 
111  plots  on  the  Eastern  Shore  of  Maryland  (Schnur  1932).  Ob- 
servations in  dense  old-field  stands  at  Urania3  La.,  showed  the  aver- 
age annual  cordwood  mortality  to  be  0.4  cord  at  the  start  between 
20  and  25  years.  0.5  cord  from  26  to  30  years,  and  0.6  cord  between 
31  and  50  years  .'Bull  1950a). 

Volume  growth  in  board  feet 

Actual  growth  varies  widely  with  location,  site  quality,  stand 
composition,  degree  of  depletion,  and  level  of  management.  Although 
estimates  that  ignore  these  conditions  have  no  precise  meaning,  a 
few  samples  can  show  the  usual  range  in  loblolly  pine  growth. 

Old-field  stands  and  volunteer  second  growth  having  50  to  100 
trees  per  acre,  and  having  accumulated  5.000  board  feet  of  stock  by 
1935  in  Ashley  County.  Arkansas,  were  found  to  be  growing  300 
board  feet  ( 6  percent  I  annually.  Some  stands  of  comparable  volume, 
later  placed  under  all-aged  management  in  that  part  of  the  upper 
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Coastal  Plain  (Crossett  Experimental  Forest  ),  are  now  producing 
np  to  nearly  twice  as  much — 600  board  feet  1 12  percent*.  Similar 
managed  stands  in  Jones  County  of  central  Georgia  |  Hitehiti  Ex- 
perimental Forest)  do  likewise.  Loblolly  pine  growing  on  the  bottom 
lands  of  Washington  County  in  West  Florida,  after  accnmnlating 
a  stock  of  30.000  board  feet,  was  found  to  be  growing  900  board 
feet  'or  3  percent    annually  (Ziegler  1931). 

Understocked  stands  and  short  rotations  are  not  suitable  for 
volume  production  in  growing  sawtimber,  but  some  loss  can  be  had 
earlier  in  understocked  than  in  full  stands.  To  grow  logs  of  a  size 
economical  to  mill,  and  to  obtain  high-grade  lumber  without  artificial 
pruning,  however,  rotations  of  50  or  60  years  are  needed.  Then 
the  current  growth  obtainable  at  rotation  age  corresponds  closely 
with  the  degree  of  stocking  in  the  stands. 

Discriminate  cutting  first  started  on  half-grown  forests  can  pro- 
mote satisfactory  current  yields  without  reference  to  any  predeter- 
mined rotation  age.  This  has  been  well  demonstrated  on  the  Crossett 
Experimental  Forest.  Starting  with  a  forest  wherein  nearly  half 
of  the  space  formerly  occupied  by  pine  had  been  taken  over  by  in- 
ferior hardwoods,  the  per-acre  volume  growth  of  small  pines  was 
increased  about  30  percent  in  9  years  and  the  growth  of  saw-log-sized 
trees  was  increased  nearly  70  percent  Reynolds  1947b  .  Over  a 
period  of  10  years  37  percent  of  the  original  pine  timber  volume  of 
4,807  board  feet  per  acre  on  one  1,000-aere  tract  was  removed.  Dur- 
ing the  10  years,  growth  restored  an  equivalent  amount  of  pine  plus 
an  additional  30  percent  of  the  original  stock. 

Two  smaller  compartments  40  acres  each  — one  depleted  and 
the  other  fairly  well  stocked— in  the  same  forest  have  been  partly 
cutover  annually  to  remove  logs,  pulpwood,  fuel,  and  chemical  wood, 
beginning  in  1937.  Growth  in  board  feet,  exceeding  the  cut  in  the 
first  14  years,  increased  the  volume  of  growing  stocks  table  30  .  In 
two  of  four  5-year  periods  I  table  31  I  growth  of  the  larger  trees 
suffered  somewhat  from  adverse  climatic  conditions,  but  the  loss  was 
either  salvaged  or  offset  by  ingrowth  of  young  trees. 

Unless  a  stand  is  understocked  it  is  advisable  to  plan  for  some 
cutting  when  it  approaches  20  or  30  years  of  age.  The  purpose  is  to 
salvage  expected  mortality,  and  during  the  next  10  to  20  years  to 
stimulate  growth  and  concentrate  it  on  selected  trees.  Such  cutting 
also  serves  to  improve  the  composition  and  commercial  quality  of  re^- 
served  stocks.  Improvement  cutting  that  removes  low-grade  limby 
trees  and  overtopped  short-crowned  trees  may  incidentally  better  the 
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Table  30. — Changes  in  pin^  stand,  stock,  and  timber  volumes  per  acre  under 
annual  cutting  on  farm  forestry  forties  at  Crossett.  Ark.  (Beynolds 

1953b ) 


Sie 

?3  *   flVPT  R    §B    ~t  Yi 

re*!  wu  %j  .  u  1 1  i  ■ 

d.b.h. 

^tein-^  over  11 

.  o  in .  d.h.h. 

Area  and  item 

Volume 

Int.  k-inch 

Trees 

Basal  area 

(inside  bark) 

Doyle  volume 

volume 

Number 

Sq.  ft. 

'    .  /•;. 

Bd.  ft 

Bd.  ft. 

Good  forty: 

Original.  1937. . . 

132 

66 

1.794 

5.074 

5.978 

14-vear  cut  

52 

32 

900 

2.597 

3.059 

14-year  growth. . 

2 

33 

1.063 

5.818 

6,853 

Stand  in  1951 . .  . 

82 

67 

1,957 

8.295 

9.772 

Poor  f ortv : 

Original.  1937..  . 

85 

38 

980 

2.341 

2.757 

14-vear  cut  

32 

24 

700 

1.866 

2,199 

14-year  growth . . 

77 

43 

1.234 

4.108 

4,841 

Stand  in  1951 . .  . 

130 

57 

1,514 

4.583 

5.399 

average  genetic  quality  of  the  remaining  stand.  Some  of  the  clear- 
stemmed  subdominant  stems  may  well  be  left,  however.  Remarkable 
response  from  formerly  oppressed  trees  often  seems  to  refute  the 
theory  of  their  possible  genetic  inferiority.  Such  pines  released  at 
Crossett.  Ark.,  tripled  their  rate  of  diameter  growth  and  promptly 
started  to  grow  about  2  cubic  feet  of  wood  or  nearly  14  board  feet 
annually    Reynolds  1952b). 

Intermediate  yidds 

When  a  forest  is  kept  continuously  stocked  with  sufficient  loblolly 
pine  trees  to  make  full  use  of  the  capacity  of  the  soil  to  produce 
wood,  a  series  of  intermediate  harvests  must  be  made  to  retrieve  the 
maximum  amount  of  merchantable  timber  grown  in  a  rotation  pe- 
riod. When  the  first  thinning  is  made  at  20  years,  removing  about 
10  cords  (or  half  the  pulpwood  volume )  from  old-field  stands,  enough 
of  the  best  trees  can  usually  be  left  to  provide  at  least  one  more 
profitable  pulpwood  cutting  before  the  harvest  for  saw  logs  or  better 
products. 

The  current  annual  volume  growth  after  thinning  a  loblolly  pine 
plantation  at  Woodworth.  La.,  was  related  to  the  reserved  stand  as 
follows  (Mann  1951a): 

Basal  area  per  acre  Yearly  volume  growth 

( square  feet)  ( cords) 

70  *   1-67 

80   1-86 

90    1-94 

100   2.01 

110   2.08 

120   2.15 
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Table  31. — Periodic  net  annual  growth  per  acre  of  pine  on  farm  forestry 
forties  at  Crossett,  Ark.  (Reynolds  1953b)1 


Cubic  volume  (inside  bark)  Board-foot  volume 


Area  and  period  Int.  \-inch 

Quantity      Growth  rate     Doyle  scale         scale         Growth  rate 


Cu.ft.  Percent  Bd.  ft.  Bd.  ft.  Percent 

Good  fortv: 

1937-41   81  4.5  244  287  4.8 

1942-46    52  2.8  372  439  6.5 

1947-51   98  5.6  596  702  9  2 

1952-56   .50  2.5  249  293  3.0 

Poor  fortv  : 

193741   86  8.8  231  272  9  8 

1942-46   57  4.7  251  295  8.0 

1947-51   118  10.0  391  461  10  6 

1952-56   75  5.0  264  310  5  7 


1  The  relatively  low  level  of  growth  in  the  second  period  resulted  from  damage  suffered  from  a  severe  ice  storm  in 
1944.  Growth  was  again  reduced  in  the  fourth  period  by  the  drought  of  1952-55.  All  pines  3 . 6  inches  in  d.b.h.  and  larger 
are  included. 

On  an  abandoned  creek  bottom  that  had  been  a  cornfield,  with  a 
site  index  of  105  for  pine,  a  21-year-old  stand  of  loblolly  pine  was 
lightly  thinned  in  1915  and  again  at  5-  to  10-year  intervals  there- 
after (Castor  plots.  Urania.  La.).  At  age  56  there  were  124  rough 
cords  of  pulpwood  per  acre  or  43.500  board  feet  of  sawtimber  per 
acre  i  Mann  1951c  i .  At  age  62  the  growth  was  as  follows  i  Movie 
1956)  : 


„              ,  ,  Mean  annual  increment 

Basal  area  left  after  

Treatment                thinning  in  1915  Pulpwood  Sawtimber 

( square  feet)  ( standard  cords )  (board  feet)1 

Xot  thinned  at  all                          160  1.53  561 

Lightly  thinned                             130  2.21  749 

Heavily  thinned                            110  2.10  680 


1  International  J-inch  rule. 

Many  trees  contained  5  or  6  merchantable  logs  each  and  the  recent 
periodic  annual  growth  was  high— over  1.000  board  feet,  none  of 
which  was  derived  from  ingrowth.  Less  than  23  percent  of  the 
logs  were  of  grade  Xo.  1.  but  the  volume  growth  shows  what  can  be 
produced  from  pure  dense  stands  on  unusually  high-quality  land. 

When  loblolly  pine  is  planted  over  wider  areas.,  which  inevitably 
include  some  less  fertile  land,  the  average  stocking  and  growth  after 
thinning  are  necessarily  lower.  Young  (1950)  reported  that  the 
stand  on  some  1.200  acres  in  the  vicinity  of  Bogalusa.  La.,  which 
were  planted  with  loblolly  pine  wild  seedlings  in  1922-23  was  thinned 
at  IS  years  of  age  yielding  2.7  cords  per  acre.    Eight  years  later  the 
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stock  was  19.8  cords  per  acre.  Thus  the  yield  was  22.5  cords  in  26 
years,  or  0.87  cord  per  acre  annually. 

Unthinned  natural  stands  vary  so  much  in  density  that  the  annual 
pulpwood  growth  over  a  5-year  period  commonly  ranges  from  0.1 
to  2.9  cords  per  acre  while  on  thinned  areas  the  usual  yearly  growth 
is  between  1  and  2  cords  (Bull  1936). 

Working  in  the  Coastal  Plain  of  Virginia  and  North  Carolina, 
MacKinney  (1933)  studied  rates  of  loblolly  pine  growth  following 
partial  cutting  for  saw  logs  in  nine  stands  using  a  flexible  10-inch 
diameter  limit,  The  growth  in  basal  area  of  the  released  trees  was 
observed  to  average  130  percent  greater  in  the  10  years  following 
release  than  the  growth  which,  according  to  estimates,  the  trees  would 
have  put  on  in  that  period  had  they  not  been  released.86 

Total  yields 

The  total  maximum  yield  per  acre  of  loblolly  pine  from  protected, 
but  otherwise  unmanaged,  stands  as  variously  estimated  from  40,000 
to  75,000  board  feet  at  50  to  80  years  (Sterrett  1914,  Ashe  1915,  Cope 
1923a,  U.S.F.S.  1929)  is  solely  of  waning  academic  interest  for  sev- 
eral reasons.  These  maximum  volumes,  attainable  only  on  certain  in- 
dividual acres  of  the  best  quality  sites,  are  not  possible  over  extensive 
tracts.  Nor  are  they  desirable  because  they  involve  slow  growth, 
heavy  loss  from  mortality,  and  long  rotations  without  intermediate 
yields. 

It  is  more  realistic  to  utilize  the  data  in  table  25,  which  indicate, 
for  example,  that  on  site  80  at  50  years  a  yield  of  about  11,900  board 
feet,  or  4,280  cubic  feet  of  timber  is  a  reasonable  expectation  from 
stands  stocked  well  above  most  forests  under  present-day  manage- 
ment (plate  7).  As  management  experience  accumulates,  present 
estimates  of  volumes  obtainable  from  intermediate  cutting  can  be 
made  more  precise. 

Loblolly  pine  yields  well  all  the  way  from  the  Eastern  Shore  of 

Maryland  to  Texas,  particularly  where  the  growing  season  is  long 

and  rainfall  is  high  (Chapman  1921).    This  indicates  up  to  a  25 

percent  possible  advantage  for  the  Deep  South,  but  in  unusually 

dry  periods  such  as  the  early  nineteen  fifties  in  east  Texas,  timber 

86  The  response  of  individual  trees  was  related  to  their  characteristics  in 
MacKinney 's  regression  equation  as  follows:  Basal  area  (square  feet)  of  wood 
and  bark  10  years  after  release  equals  0.8681  basal  area  outside  bark  at  time  of 
release  +  0.2914  crown  length  ratio  +  0.0065  crown  width  (feet)  +  1.6332  basal- 
area  growth  in  prior  5  years  +0.0017  total  height  —  0.1212.  A  simpler  approxi- 
mation of  tree  basal  area  o.b.  expected  10  years  after  release  may  be  computed 
from  the  following  expression:  1.0332  basal  area  (o.b.)  at  time  of  release 
+  0.3116  crown  ratio  +  0.0088  crown  width  —  0.0602. 
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growth  may  be  restricted  by  droughts  and  mortality  may  offset  up 
to  one-third  of  the  growth  that  does  occur  (Stephenson  1956). 
Nevertheless  the  mid-Atlantic  data  in  table  25  may  be  widely 
applicable. 

ESTIMATING  RAW  MATERIALS 

The  use  of  local  forest  lands  and  timber  supplies  available  through 
ownership  or  purchase  are  a  vital  concern  for  each  unit  of  the  wood- 
using  industry.  Growth  and  drain  on  these  supplies  creates  a  re- 
current need  to  estimate  them.  How  much  is  actually  or  potentially 
usable  today  ?  And  for  tomorrow  how  much  will  be  added  by  growth, 
lost  in  mortality,  or  recognized  as  waste  that  must  be  sacrificed  or 
might  be  salvaged  f  Such  questions  must  be  resolved  separately 
for  each  situation.^7 

Present  supplies 

To  estimate  merchantable  trees,  logs,  and  pulpwood  bolts  readily 
requires  certain  information  on  cutting  practice  and  on  the  inter- 
relationships of  wood  weight  and  volume  in  cubic  or  board  feet. 
Highly  useful  converting  factors  are  available  for  loblolly  pine  by 
diameter  classes  to  translate  the  contents  of  logs  or  trees  from  one 
common  scale  or  unit  of  measure  to  another  Reynolds  1937a.  Minor 
1953c.  L.S.F.S.  1951.  Mesavage  1947a). 

Pulpwood  sticks  are  now  commonly  cut  5  feet.  3  inches  long  from 
pines  up  to  a  4-inch  top.  Working  in  the  southern  Piedmont  Mc- 
Clay  (1952)  found  the  following  numbers  in  trees  of  average  height: 


D.b.h.  5\-joot  bolts  per  tree 

(inches)  (number) 

8   6 

9   7 

10   7 

11   8 

12   9 

13   9 

14   10 


AVorking  with  5 1 4-foot  bolts  of  loblolly  pine  pulpwood  in  southern 
Virginia.  Schumacher  (1946a)  derived  the  following  useful  formulas: 

C  =  0.00195  A  —  0.00932Y    wherein  symbols  designate  — 

C  =  stacked  volume  (en.  ft.) 

 C  —  0.2502A 

1.1929V  V  =  solid  wood  •  cu.  ft. ) 

D  —  av.  bolt  diameter  '  inches 
87  This  book  makes  no  pretense  of  covering  standard  methods  of  cruising 
timber  described  in  texts  on  forest  mensuration.  Instead  it  presents  numerical 
or  graphic  aids  based  specifically  on,  or  useful  for,  Avork  with  loblolly  pine. 
Many  of  these  are  in  chapter  10  Properties  and  Uses,  or  in  the  tables  of  this 
chapter ;  others  appear  in  the  appendix. 
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U  =  0.00195A  —  0.00932F     N  =  no.  bolts  per  cord 

=  0.00195  +  0.00026TD-     N'  =  a  v.  no.  bolts  per  sq.  ft. 

of  stack  face 

r  =  volume  in  stacked  cords  ( C  h-  128 ) 

—  =  0.83S  —  0.04A'  ~=  percentage  of  solid 

wood  in  stack 

Diameters  of  the  5%-foot  loblolly  pine  bolts  are  related  to  cords  as 
follows : 

D  U  N 

4    0.0062    161.0 

6  0116    86.5 

8   0190    52.5 

10   0288    34.7 

12   0404    24.8 

14   0543    18.4 

16   0703    14.2 

18   0884   11.3 

A  cord  of  freshly  piled  round,  smooth,  f-ineh.  impeeled  loblolly 
pine  wood  averages  64.1  percent  solid  wood.  19.2  percent  bark,  and 
16.7  percent  air  space  MacKinney  and  Chaiken  1956  .  On  this 
basis  solid  wood  is  overestimated  if  the  sticks  are  smaller  or  under- 
estimated if  they  are  larger.  For  a  mixture  of  stick  sizes  a  better 
determination  of  volume  can  be  had  by  ascertaining  the  average 
number  of  bolts  per  square  foot  of  side-face  area  and  referring  to 
figure  63.  The  volumes  shown  are  for  128-cubic-foot  cords  and  160- 
cubic-foot  units. 

If  only  number  and  average  size  of  trees  to  be  harvested  for 
pulpwood  are  available,  the  volumes  and  weights  |  appendix,  table 
77)  may  be  helpful  in  estimating  the  yield.  Roughly,  bark  con- 
stitutes 14  to  20  percent  of  the  volume  and  only  10  or  12  percent 
of  the  weight,  and  there  are  30  to  31  cubic  feet  in  a  ton  of  green 
wood  with  bark. 

Measurement  of  pulpwood  on  the  basis  of  solid  volume  or  weight, 
rather  than  in  cords  or  other  units  of  stacked  wood,  is  equitable. 
This  suggestion  Cuno  1939  has  been  rapidly  gaining  in  favor  dur- 
ing recent  years  in  the  procurement  of  green  wood  for  pulpmills. 
Human  errors  in  measuring  are  largely  eliminated  when  wood  is 
sold  by  weight.  Buying  by  weight  puts  a  premium  on  the  prompt 
movement  of  good  fresh  wood  and  discourages  delivery  of  both  poorly 
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SOLID  WOOD  IN  STACKS 


Figure  63. — Converting  factors  for  loblolly  pine  pulpwood  showing  the  percent- 
age of  stacked  space  occupied  by  solid  wood,  exclusive  of  bark,  in  piles 
(A)  having  different  average  bolt  diameters,  and  (B)  containing  different 
numbers  of  bolts  per  square  foot  of  side-face  area  (MacKinney  and  Chaiken 
1956). 

trimmed  and  old  wood  (Jeffords  1956,  Taras  1956).  Prices  can 
logically  vary  by  species  groups,  but  for  a  given  kind  of  wood,  buy- 
ing by  weight  can  serve  as  an  interim  method  of  recognizing  quality, 
at  least  until  some  grade  standards  have  been  adopted  (see  section 
on  Defects  and  Grades  in  chapter  10,  Properties  and  Uses). 

According  to  a  recent  survey  of  wood  density  from  loblolly  pines 
in  Mississippi  (Mitchell  and  Wheeler  1959)  the  dry  weight  of  the 
wood  was  related  to  age  as  follows: 

Specific  gravity — 
of  cores  at  breast     of  merchantable     Weight  per  cubic 


Age  height               tree  volume  foot 

(years)  (pounds) 

10   0.44  0.43  27 

20   .48                    .45  28 

30   .51                    .47  29 

40   .53                    .48  30 

50   .55                   .48  30 


Except  for  the  rapid  early  growth  of  sapling  trees  and  of  some  old- 
field  stands,  age  may  be  safely  disregarded  in  these  estimates  and 
tree  specific  gravity  (Y)  computed  from  breast-high  core  specific 
gravity  (X)  by  formula  (Wahlgren  and  Fassnacht  1959)  : 
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Y  =  0.69798  -  Q11fQ1 

Where  pulpwood  has  been  harvested  and  the  average  size  and 
weight  of  bolts  are  known,  the  volume  of  wood  per  ton  may  be  esti- 
mated by  formula  (Miller  1941). 88 

A  study  of  200,000  acres  of  loblolly  pine  forest  made  by  Barron 
and  Osborn  for  one  large  company  furnished  the  volume-weight 
ratios  and  weight  tables  (appendix,  tables  76  and  77)  useful  in  cruis- 
ing standing  timber  by  weight.  It  also  furnished  the  following 
averages  with  95  percent  confidence  limits  attached: 

Volume  of  green  wood  per  100  pounds  of  wood  and  bark  is  1  525  ± 
0.0206  cu.  ft. 

Weight  of  green  wood  and  bark  per  cu.  ft.  of  wood  is  65.6  ±  0.88  lbs. 
Volume  of  green  wood  per  100  pounds  of  green  wood  is  1.708  ±  0.0204 
cu.  ft. 

Weight  of  green  wood  per  cubic  foot  is  58.6  ±  0.84  pounds. 

The  percentage  of  bark  weight  to  the  weight  of  green  wood  and  bark 
was  found  to  be  10.79  -  0.0143D2  for  wet  or  medium  sites,  and 
9.41  —  0.0143D2  for  dry  sites.  The  confidence  limits  on  these  per- 
centages vary  with  diameter  from  ±  0.84  for  5-inch  trees  to  ±  1.58 
for  20-inch  trees. 

If  only  the  number  and  size  of  weathered  stumps  of  loblolly  pines 
cut  in  trespass  are  known,  the  breast-high  diameters  can  be  approxi- 
mated by  timber  cruisers  from  the  following  relationships: 

Piedmont  average       Southwide  average 

Stump  d.i.b.  d.b.h.  d.b.h. 

(inches)  (inches)  finches) 

|   4.6  3.7 

g   6.6  5.6 

*   8.4  7.6 

}0   10.4  9.6 

}2   12.3  n.5 

\i   14.2  13.4 

\l   16.1  15.6 

18   17.9  17.6 

20   19.5  19.8 

22   20.9  21.9 

Piedmont  data  (Fields  1947);  Southwide  data  (U.S.F.S.  1929);  stumps  average  1  foot  high. 

88  Yt  equals  5.51  D  -f-  0.46  NT  —  17.14,  wherein  Yt  is  cubic  feet  in  a  ton 
of  green  wood  with  bark,  D  is  average  diameter  of  bolts  in  inches,  and  NT  is 
the  number  of  5.3-foot  bolts  in  a  ton.  (If  the  bolts  are  4  feet  long  the  co- 
efficient of  NT  would  be  0.35.)  Or  if  the  number  of  5.3-foot  bolts  per  cord 
{No)  is  known,  the  number  of  cubic  feet  of  solid  wood  in  a  cord  of  green 
unbarked  bolts  (Yc)  equals  18.27  +  0.52  Nc  -  68.18.  (If  the  bolts  are  4  feet 
long  the  coefficient  of  Nc  becomes  0.39.)  In  this  study  70  percent  of  the  actual 
values  were  within  ±  1.1  cu.ft.  of  the  estimated  values  of  Yt,  or  ±  2.9  cu.ft.  of 
the  Yc  estimates. 
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If  the  bark  still  adheres  and  the  stumps  are  of  various  heights,  the 
figures  given  by  McCormack  (1953)  are  useful  in  such  estimates. 

Future  supplies 

Time  and  resources  available  for  reconnaissance  influence  the 
methods  generally  used  in  the  appraisal  of  forests.  The  accuracy 
with  which  the  present  condition  can  be  determined  and  future  yield 
can  be  forecast  specifically  for  a  loblolly  pine  forest  is  no  exception. 
It  depends  on  the  intensity  of  the  chosen  inventory.  A  few  loblolly 
pine  data  are  given  here  to  implement,  in  part,  the  following  three 
intensities  in  such  examinations:  (1)  Casual  and  superficial  inspec- 
tions, (2)  systematic  ground  cruising  to  predict  volume  growth,  and 
(3)  extensive  aerial  surveying  to  determine  composition  and  density 
of  stands. 

Superficial  inspections  roughly  gage  stocking  and  growth  by 
number,  size,  and  appearance  of  trees.  Loblolly  pine  bark  changes 
in  color  and  character  as  growth  decelerates  with  advancing  age  and 
maturity  of  trees: 

Progressive  changes  in  appearance  of  loblolly  pine  bark1 


Age 

(years)  Color  Character 

0-10   Light  to  dark  brown  Smooth,  continuous,  and  papery 

to  touch 

10-20   Dark  ridges  with  orange  Vertical  ridges  appear  between 

cleavage  papery  clefts 

20-30   Black  with  orange  fissures  turn-    Ridges  gradually  become  more 

ing  gray  and  fading  into  faint  prominent 
lines 

30-40   Steel  gray  as  a  whole  As  cross  breaks  develop  the 

ridges  become  less  prominent 

40-50   Gray  reverting  to  orange  Bark  loses  roughness  as  ridges 

disappear  leaving  a  pattern  of 
small  blocks 

After  50   Orange  again  changing  into  Blocks  gradually  become  large 

light  gray  plates;  whole  surface  is  smoother 

on  slow-growing  trees. 


1  Based  on  trees  free  from  suppression  or  release,  and  adapted  from  U.S.F.S.  descriptions  made  near  Rome,  Ga. 
(Hubbard  1955). 

Crown-length  ratios  and  current  rates  of  diameter  growth,  also,  are 
useful  in  estimating  vigor  classes  in  forest-grown  trees. 

Current  growth  can  be  readily  inspected  on  cores  taken  with  an 
increment  hammer  or  measured  over  longer  periods  with  an  increment 
borer.  Radial  growth  measurement  or  ring  counts  can  be  used  as 
a  base  to  quickly  approximate  volume  growth  in  cords  or  percentage 
(table  32)  over  short  periods  wherein  both  additions  from  ingrowth 
or  loss  from  mortality  are  disregarded. 


GROWTH  AXD  YIELD 


291 


Table  32. — Data  for  short-cut  volume  growth  estimates  of  loblolly  pine  trees 
from  increases  in  diameter  alone 

EFFECT  ON  PERIODIC  GROWTH  OF  SPECIFIED  RADIAL  INCREASES  (MINOR  1952) 

(rough  cords)1 


Radial  growth  (inches) 


D.b.h.  (inches) 

0.2 

04 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

5  

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.08 

0.09 

0.11 

0.12 

6  

.01 

.02 

.03 

.05 

.06 

.07 

.09 

.10 

.12 

.14 

7  

.01 

.02 

.04 

.05 

.07 

.08 

.10 

.11 

.13 

.15 

8  

.01 

.03 

.04 

.06 

.08 

.10 

.11 

.13 

.15 

.17 

9  

.02 

.03 

.05 

.07 

.09 

.10 

.12 

.14 

.16 

.19 

10  

.02 

.04 

.05 

.07 

.09 

.11 

.13 

.17 

.18 

.21 
.22 

11  

.02 

.04 

.06 

.08 

.10 

.12 

.15 

.17 

.20 

12  

.02 

.04 

.07 

.09 

.11 

.14 

.16 

.19 

.21 

^23 

EFFECT  ON  ANNUAL  GROWTH  PERCENT  WHEN  THE  NEXT  TWO  INCHES  OF  DIAMETER  ARE 
ADDED  AT  THE  RATE  INDICATED2 

(percent) 


Growth  per  inch  (rings) 


D.b.h.  (inches) 

Logs  per  tree 

3 

4 

5 

6 

8 

10 

12 

U 

10  

1 

48 

36 

29 

24 

18 

14 

12 

10 

8 

12  

n 

37 

28 

22 

18 

14 

11 

9 

14  

2 

25 

19 

15 

12 

9 

7 

6 

5 

16  

2| 

21 

16 

13 

11 

8 

6 

5 

(3) 

18  

3 

16 

12 

10 

8 

6 

5 

(3) 

20  

3| 

14 

11 

9 

7 

5 

(3) 

22  

4 

9 

7 

5 

5 

(3) 

24  

4 

9 

6 

5 

(3) 

26  

4 

7 

5 

(3) 

1  Figures  based  on  trees  of  a  form  typical  of  average  sites. 
_    2  Mississippi  Forest  Commission,  Tech.  Xote  5,  1956.  If  the  possibility  of  accelerated  growth  after  cutting  be  ignored 
Jt  may  be  deduced  from  these  data  that  in  order  to  avoid  reserving  trees  now  growing  less  than  5  percent,  only  trees  larger 
than  It  — 1.2/  (#-3)  inches  should  be  cut  where  R  is  the  number  of  rings  per  inch. 

3  Less  than  5  percent. 


To  ignore  bark  thickness  introduces  error  in  growth  studies. 

Bark  thickness  at  breast  height  is  closely  associated  with  diameter 

and  growth  rate,  and  varies  slightly  with  height.    Within  a  diameter 

class  the  bark  is  somewhat  thinner  on  the  older  trees,  but  because  of 

the  usual  narrow  range  in  age  within  each  diameter  class,  bark  can 

be  estimated  in  the  Deep  South  to  the  nearest  0.17  inch  from  diameter 

alone.89    Because  the  outer  bark  sloughs  off  as  it  weathers  with  age, 

total  bark  thickness  increases  more  slowly  than  its  inner  growth 

89  This  can  be  done  using  the  following  formulas : 

Single   bark   thickness  =  0.241  +  0.03 7D 
where  D  is  outside  bark  diameter  (inches). 
Similarly  d.b.h.  inside  bark  =  0.93D  —  0.48 
Bark  thickness  can  vary  with  geographic  location  because  of  differences  in  racial 
strain,  weathering,  or  both,  but  these  Louisiana  formulas  (Minor  1953b)  corrob- 
orate results  from  early  studies  in  Maryland  (Sterrett  1914). 
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would  indicate.  Hence  within  a  diameter  class  the  bark  is  thinner 
on  the  older  trees  (fig.  64).  Bark  corrections  are  needed  where 
growth  estimates  are  based  directly  on  ring  measurements  and  age 
is  not  determined.90 
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Figube  64. — Belation  of  bark  thickness  to  age  and  diameter  of  loblolly  pine  at 
breast  height  in  Louisiana   (Minor  1953b). 

Prediction  of  volume  growth  expected  from  specific  loblolly  pine 
holdings  necessitates  inventories — single  or  recurring,  on  the  ground 
or  from  the  air.   These  involve  a  choice  between  two  main  approaches. 

Rather  extensive  long-term  forecasts  of  growth  from  even-aged 
stands  can  be  made  from  estimates  based  on  normal  yield  tables. 
These  are  useful  only  when  adjusted  to  allow  for  the  tendency  in 
all  loblolly  pine  stands  to  approach  the  normal  stocking  at  different 
rates  (fig.  56).  Yields  from  well-stocked  stands  of  loblolly  pine  are 
given  in  table  25.    Methods  of  constructing  yield  tables  for  non- 

90  For  example,  the  current  growth  of  loblolly  pine,  expressed  as  years  needed 
to  add  1  inch  in  diameter,  equals  the  number  of  rings  produced  in  a  given  pe- 
riod (e.g..  5  or  10  years)  divided  by  the  product  of  1.095  and  twice  the  i-b. 
radial  growth  during  the  period.  The  radial  increase  of  wood  and  bark  is  1.095 
inches  for  each  increase  of  1  inch  in  wood  only  as  measured  on  eores  (MeCormaek 
1955b)  ;  that  is  for  measurements  at  breast  height.  At  the  top  of  the  first  log 
at  17.3  feet  the  factor  is  1.077  (Posey  1957). 
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DIAMETER  I.B.  (INCHES)  DIAMETER  O.B.  (INCHES) 

Figuhe  65. — Four  graphic  steps  used  in  projecting  loblolly  pine  stand  data 
from  timber  cruises  into  the  future  for  estimates  of  allowable  cut:  A,  Twice 
bark  thickness  averaged  by  diameter  classes  to  obtain  present  d.i.b.:  B. 
average  wood  growth  in  diameter  in  past  5  years  to  obtain  past  d.i.b. :  C. 
ratios  of  d.bJh.  o.b.  to  d.b.h.  i.b.  to  obtain  past  d.o.b. :  and  B,  present  stand 
and  mortality  expected,  to  estimate  future  stand.  Only  local  data  are 
useful  in  predictions;  these  curves  merely  illustrate  a  widely  applicable 
method. 

normal  loblolly  pine  stands  are  reported  by  MaeKinney.  Schumacher, 
and  Chaiken  (1937  . 

More  intensive  short-term  forecasts  of  growth,  in  many-asred.  or 
otherwise  irregular,  forests  are  usually  based  on  inventories  from  de- 
tailed ground  cruising  of  timber.  Methods  of  using  a  single  timber 
cruise  to  project  loblolly  pine  stands  5  or  10  years  into  the  future 
are  available  I  Wahlenberg  1941).  The  computations  involve  some 
17  steps  of  which  four  are  graphic  i  fig.  65  i .  The  weakness  in  single 
forecasts  of  this  kind  stems  from  somewhat  inadequate  means  of 
gaging  the  effects  of  cutting  on  ingrowth,  the  changes  in  rates  of 
growth,  and  the  mortality  allowance.  Because  of  these  sources  of 
error,  recurring  cruises  'i.e..  the  method  of  •'continuous  inventory") 
are  a  more  useful  means  of  controlling  the  cut  in  forests  under  active 
management. 

The  approach  to  a  knowledge  of  growth  used  in  the  method  of 
stand-table  projection  is  reversed  in  the  method  of  recurring  in- 
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ventories.  Periodic  changes  in  stands  and  in  mortality  are  the  items 
that  are  measured  directly,  and  from  summaries  of  these  tallies  the 
growth  behavior  of  individual  diameter  classes  may  be  deduced  if 
desired  (Wahlenberg  1941,  pp.  39-41).  The  basic  concept  on  which 
growth  determinations  rest  in  this  inventory  system  is  very  simple. 
Covering  a  given  period,  e.g.,  5  or  10  years,  trees  that  died  are  added 
to  a  stand  table  of  living  trees  harvested,  and  both  are  added  to  the 
stand  of  living  trees  inventoried  at  the  close  of  the  period.  The 
difference  between  this  total  and  the  stand  at  the  first  inventory  is 
the  gross  periodic  growth.  This  method  is  a  convenient  means  of 
determining  actual  past  growth,  and  estimating  expected  future 
growth,  of  forests  that  are  managed  silviculturally  under  a  system 
of  regular  partial  cuttings  for  harvesting  timber. 

Aerial  photographic  surveys  are  the  quickest  and,  for  large  tracts, 
the  cheapest  means  of  completing  an  overall  picture  of  forest  density 
and  composition  as  these  influence  the  yield  of  timber.  Color  tones 
and  shade  patterns  in  the  picture  serve  to  indicate  forest  types  and 
conditions  on  an  area  basis.  One  of  the  chief  advantages,  however, 
in  using  aerial  photographs  is  in  reconnaissance  to  indicate  where 
ground  cruises  are  necessary. 

Detailed  explanation  of  how  to  gather  cruise  data  directly  from 
photographs  is  beyond  the  scope  of  this  book.  Suffice  it  to  say  that 
much  work  requires  special  viewing  apparatus,  area  grids,  crown 
closure  scales,  and  other  highly  specialized  measuring  devices.  The 
height  of  trees  can  be  approximated  with  parallax  measuring  de- 
vices and  the  stem  diameters  directly  from  crown  images.  Width  of 
crowns  among  loblolly  pines  of  saw-log  size  varies  directly  with 
stem  diameter: 

8  =  4.66  +  0.55C  (Minor  1951) 
where  8  is  d.b.h.  in  inches  and  C  is  crown  width  in  feet.  Crowns, 
however,  are  smaller  where  trees  are  crowded  (fig.  66).  For  example, 
in  the  15 -foot  crown  class  stem  diameters  vary  with  stand  density 
roughly  as  follows : 

D.b.h.  (inches)  =14.28  —  0.011  trees  per  acre  (Minor  1951). 

Of  course  a  smaller  proportion  of  total  numbers  of  trees  per  acre 
are  visible  in  aerial  photographs  of  dense  stands  than  in  those  of 
thin  stands.  Because  of  the  difficulty  in  making  correct  allowance 
for  this  and  other  sources  of  systematic  error,  estimates  of  timber 
volumes  from  photographs  alone  are  seldom  accurate.  The  data  from 
the  pictures  need  to  be  supplemented  by,  and  tied  to,  ground-control 
plots.    Even  so,  3  to  4  times  as  many  photo  plots  as  ground-cruise 
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plots  are  needed  for  equal  accuracy.  Sometimes  small  tracts  can  be 
cruised  from  the  ground  with  fewer  plots  than  are  needed  properly 
to  supplement  an  aerial  cruise  (Meyer  and  Worley  1957).  Some  of 
the  ground  checks  may  be  made  quickly,  however,  using  the  variable- 
plot  radius  and  angle-gauge  or  wedge-prism  methods  of  one-man 
cruising  (Grosenbaugh  1952a,  1952b,  1955,  and  1958,  Bruce  1955, 
Avery  1955). 
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Figure  66. — Effect  of  stand  density  on  relation  between  average  crown  width 
and  tree  diameter  (Minor  1951). 

SUMMARY 

"Room  to  grow  and  none  to  waste"  is,  for  timber  growers,  a 
worthy  admonition,  but  a  difficult  one  to  follow  because  research  has 
not  yet  developed  all  the  necessary  information.  Part  of  it  is  re- 
ported here,  or  in  the  appendix,  as  a  material  background  for,  or 
guide  to,  actual  practice.  These  data  concern  merchantable  volume 
(or  weight)  of  loblolly  pine  and  its  rate  of  increase,  as  associated 
with  the  size,  age,  or  crown  development  of  trees.  They  deal  also 
with  the  degree  to  which  all  trees  are  influenced  by  soil  quality,  and 
how  certain  ones  may  have  suffered  from  crowding  or  benefited  by 
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release.  The  data  on  stands  concern  net  gains  in  volume  (survdvor 
growth  minus  drain  from  mortality  or  harvest)  and  rates  at  which 
full  stocking  is  approached.  Although  these  problems  are  not  pe- 
culiar to  any  one  species,  specific  data  for  loblolly  pine  are  needed 
to  implement  the  plans  to  grow  it. 

There  are  diverse  ways  to  measure  or  predict  growth  and  yield, 
but  they  involve  subtle  ways  in  which  mortality  or  other  waste  can 
be  overlooked.  Unless  thinning  is  possible  in  cordwood  stands,  an 
average  annual  mortality  of  0.4  cord  may  be  expected  between  20 
and  25  years.  0.5  cord  from  26  to  30  years,  and  0.6  cord  between  31 
and  50  years.  Space  released  by  mortality  seldom  remains  blank, 
but  to  allow  it  to  be  reclaimed  by  inferior  vegetation  is.  in  itself, 
wasteful. 

Loblolly  pine  commonly  produces  2  or  3  times  as  much  volume 
per  acre  as  do  its  broad-leaved  associate  species,  but  all  hardwoods 
cannot,  and  should  not.  be  wholly  eliminated.  The  highest  net  lum- 
ber values  per  acre  are  grown  where  not  more  than  20  percent  of 
the  trees  are  certain  soil-building  hardwoods  well  scattered  among 
the  pines. 

On  the  best  sites  the  dominant  pines  can  average  2  feet  of  height 
growth  annually  for  40  years.  To  do  this  the  live  crown  needs  to 
cover  40  percent  of  the  height  until  they  are  30  feet  tall  and  at  least 
30  percent  thereafter.  With  crown  ratios  of  37  to  45  percent  on  sites 
of  index  SO  to  85,  diameters  can  increase  3  inches  in  10  years.  Al- 
though a  live  crown  ratio  of  40  percent  of  height  produces  the  max- 
imum volume  of  clear  wood,  one  of  30  percent  produces  89  percent 
as  much.  In  even-aged  stands  the  average  length  of  living  crowns 
is  inversely  related  to  the  number  of  trees  per  acre.  Silvicultural 
cutting  or  pruning,  or  both,  deliberately  to  change  crown  length  in 
reserved  trees  are  effective  means  of  controlling  the  volume  and 
quality  of  timber  grown. 

AVell-stocked  stands  that  remain  uncut  increase  in  basal  area  at 
a  diminishing  rate  as  they  approach  full  stocking.  When  they  are 
protected,  but  otherwise  unmanaged.  they  eventually  fluctuate 
around  an  equilibrium  density  of  155  ±  30 — i.e..  somewhere  between 
125  and  185  square  feet — with  a  stand  density  index  of  275  ±  15 
for  stands  of  saw-log  size  trees.  One-half  to  two-thirds  of  this  stock- 
ing is  a  suitable  density  for  growing  timber  at  economic  rates.  The 
somewhat  greater  taper  and  limbiness  of  merchantable  stems  is  more 
than  offset  by  the  values  from  accelerated  growth  of  individual 
trees.    The  sacrifice  in  per-acre  yield  is  small.    For  production  of 
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.saw  logs  90  to  95  square  feet  of  basal  area  is  a  favorable  stocking, 
but  for  production  of  pulpwood  alone  a  lower  density,  a  figure  10 
below  the  site  index,  appears  more  suitable.  Mean  annual  incre- 
ment in  volume  of  rough  wood  culminates  at  30  to  40  years  in  well- 
stocked  stands  or  at  40  to  50  years  in  stands  less  than  half  stocked 
at  the  start.  In  board  feet  annual  rates  of  growth  culminate  10  or 
15  years  later. 

On  site  90  a  well-stocked  stand  may  be  expected  to  yield  about 
3.800  cubic  feet  per  acre  at  30  years.  5.000  cubic  feet  at  50  years, 
or  28.000  board  feet  at  70  years,  which  represents  a  mean  annual 
growth  of  400  board  feet  per  acre  annually.  Decay  in  heartwood 
does  not  exceed  1  percent  of  the  volume  of  trees  70  to  80  years  of  age. 
The  approximate  spacing  in  feet  of  the  merchantable  or  crop  trees 
may  well  be  about  1.75  D. 

Stands  of  sawtimber  that  are  not  only  well  stocked,  but  also  well 
managed,  respond  in  current  growth  rates.  Basal-area  growth  has 
been  increased  130  percent  following  release  cutting  in  previously 
neglected  saw-log  stands.  Second-growth  loblolly  pine  can  readily 
grow  300  board  feet  per  acre  annually  with  the  benefit  of  protection 
only.  The  400  board  feet,  mentioned  above,  assumes  only  non- 
intensive  management.  Some  600  board  feet  can  be  had  with  more 
intensive  silviculture.  And.  on  good  sites,  either  heavily  stocked 
with  tall  (5- or  6-log  trees,  or  else  with  the  benefit  of  frequent  light 
thinning,  the  current  growth  of  loblolly  pine  may  be  900  to  1.000 
board  feet  annually. 

Stands  of  pulpwood  now  vary  so  much  in  density  that  the  cur- 
rent (i.e..  5-year )  annual  growth  commonly  ranges  from  0.1  to  2.9 
cords  per  acre.  Properly  stocked  and  thinned  the  yearly  per-acre 
growth  is  usually  between  1  and  2  cords.  A  yield  of  about  70  cords, 
for  example,  is  to  be  expected  on  site  100  at  40  years. 

The  section  on  estimating  raw  materials,  in  present  and  future 
supply,  enumerates  several  interrelationships  useful  to  implement 
the  estimates  for  loblolly  pine.  Progressive  changes  in  the  appear- 
ance of  bark  with  advancing  age  are  listed.  TTeight  and  volume  of 
trees  in  cubic  feet,  bolts,  or  board  feet,  as  related  to  diameter  or 
height  classes,  are  given  by  formula  or  tabulation.  Some  converting 
factors  applicable  to  loblolly  pine  in  both  short-  and  long-term  fore- 
casting are  presented. 

The  information  in  this  chapter  facilitates  providing  desirable 
trees  with  ""room  to  grow  and  none  to  waste." 
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Management  of  Immature  Timber 

Silviculture  of  southern  pine  forests,91  with  special  measures  to 
favor  loblolly  pine,  is  warranted  where  suitable  land  and  an  active 
market  for  products  exists.  This  is  true  over  most  of  the  range  of  the 
species.  In  general  pines  are  least  profitable  to  landowners  where 
first  costs  are  high,  where  early  growth  is  retarded  either  by  sterile 
soil  on  poor  sites  or  by  hardwood  sprouts  on  good  sites,  where  ro- 
tations are  too  short,  and  where  harvests  are  restricted  to  a  single 
low-priced  product.  These  handicaps  become  less  prevalent  with  the 
increasing  application  of  silviculture. 

The  midrotation  care  of  timber  stands  requires  less  precise  timing 
than  does  harvest  and  regeneration,  but  deserves  careful  planning. 
Especially  is  this  true  of  mixed  pine-hardwood  stands.  The  primary 
need  in  extensive  stands  of  poor  composition  and  low  density  is  for 
timber  stand  improvement  operations.  Land  heavily  stocked  with 
pure  pine  is  more  readily  kept  productive.  The  care  of  pine  forests 
that  have  reproduced  least  successfully  is  more  complex  later  be- 
cause of  irregularities  and  mixed  composition.  Often  the  stands  are 
crowded  in  patches  but  understocked  as  a  whole,  and  both  desirable 
and  undesirable  trees  may  be  present  in  a  wide  range  of  sizes.  If 
the  forest  has  been  badly  neglected  it  may  even  support  an  over- 
burden of  undesirable  relics  of  the  exploitation  that  took  place  in 
previous  stands.  Serious  depletion  of  stocks  calls  for  liquidation 
and  a  fresh  start,  but  elsewhere  a  variety  of  rehabilitation  measures 
may  be  feasible.   A  series  of  them  tailored  to  fit  local  conditions  may 

91  In  loblolly  pine,  as  in  other  types  of  forest,  silvicultural  management 
seeks  to  (1)  protect  soil  and  forest,  (2)  restock  open  areas,  (3)  improve  species 
composition  and  timber  quality,  (4)  control  stand  density,  (5)  harvest  the 
forest  crop  systematically,  and  (6)  provide  certain  supplementary  benefits. 
Measures  to  achieve  objects  (1)  and  (2)  are  covered  in  the  preceding  chapters, 
(3)  and  (4)  in  this  chapter,  and  (5)  and  (6)  in  the  following  two  chapters. 
With  the  exception  of  one  section  in  chapter  8,  the  financial  aspects  of  forestry 
are  not  discussed  in  this  book,  but  it  is  assumed  that  the  business  of  growing 
loblolly  pine  will  be  confined  to  lands  that  are  favorably  situated. 
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be  necessary.  The  section  on  timber  stand  improvement  describes 
appropriate  measures.  At  best  the  process  of  restoring  badly  de- 
pleted forests  to  productivity  without  planting  is  a  gradual  one. 

The  principal  measures  needed  in  the  denser  stands  of  relatively 
pure  pine  are  for  thinning  and  stem  improvement.  Sapling  thickets 
of  loblolly  pine,  however,  usually  need  some  " cleaning"  to  better 
their  species  composition  together  with  light  thinning  to  relieve 
severe  congestion.  There  is  a  continuing  need,  even  in  the  most 
thrifty  stands,  to  remove  certain  trees,  identity  of  which  becomes  in- 
creasingly clear  with  further  development  of  the  stand.  Dominance 
is  well  expressed  when  the  small  pole  stage  is  reached — sometimes 
earlier.  As  crowns  differentiate  within  a  closed  canopy,  the  selec- 
tion and  reservation  of  the  best  crop  trees  is  relatively  easy.  Guide 
lines  to  indicate  when,  where,  and  how  much  thinning  and  pruning 
of  loblolly  pine  is  needed  are  given  in  the  last  two  sections  of  this 
chapter. 

STAND  IMPROVEMENT 

Removal  of  competition  from  undesirable  trees  by  cutting,  burn- 
ing, chemical  treatment,  or  heavy  machinery  is  widely  necessary  in 
growing  loblolly  pine  timber.  Stand  improvement  is  needed  where 
advanced  reproduction  of  loblolly  pine  is  present  and  desired  but 
is  retarded,  where  the  competing  brush  is  dense  or  aggressive  or  both, 
and  where  potential  values  are  worthy  of  the  expected  costs.  Choice 
of  blanket  or  selective  measures  of  disposing  of  weed  trees  must  rest 
on  an  appraisal  of  local  stand  conditions.  The  problem  deserves  in- 
creased attention. 

Need  for  treatments 

Loblolly  pine  predominates  in  many  immature  stands  of  mixed 
pine  and  hardwood.92  Because  of  early  mismanagement,  most  of  the 
inferior  trees  are  weed  hardwoods.  It  has  been  estimated  (Reynolds 
1949b)  that  nearly  half  the  pine  land  in  southern  Arkansas  and 
northern  Louisiana  is  occupied  by  low-grade  hardwoods.  Excessive 

92  In  places  where  nearly  pure  loblolly  pine  forests  emerge  rapidly  from  the 
regeneration  stage,  the  need  for  further  care  of  young  timber  is  minimized.  In 
other  places  where  the  pine  seedlings,  in  mixture  with  undesirable  species,  emerge 
slowly  the  young  stand  of  saplings  and  poles  requires  earlier  and  continuing  at- 
tention. In  many  intermediate  situations,  where  the  local  need  for  improve- 
ment measures  is  less  obvious,  an  appraisal  of  the  chance  for  good  crop  trees  to 
become  dominant  without  release  is  useful. 

An  estimate  of  the  percentage  of  area  that  will  remain  shaded  by  hard- 
wood weed  species,  if  an  immature  forest  remains  unimproved,  may  be  obtained 
by  multiplying  basal  area  in  undesirable  stems  in  square  feet  by  1.4  (McCulley 
1953c). 
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underbrush  has  appeared  on  only  about  10  percent  of  the  upland  in 
that  territory,  but  a  major  problem  is  recognized  in  the  disposal  of 
sapling  and  pole-sized  hardwoods  10  to  40  years  old. 

Eastward  from  Mississippi  to  Florida  nearly  half  of  the  upland 
loblolly  pine  forest  area  is  being  taken  over  by  little-used  hardwoods. 
In  South  Carolina  there  are  2  to  3  cords  of  wood  per  acre  in  such 
trees  (Chaiken  1952a  and  1955).  A  few  can  be  pulped,  but  the 
value  is  low.  Some  individual  "wolf  trees"  monopolize  a  tenth  acre. 
Intermediate  cuttings,  through  the  harvest  of  inferior  pines  and  the 
felling  or  girdling  of  the  worthless  hardwoods,  are  highly  worth 
while.93 

The  most  profitable  mixed  pine-hardwood  stands  are  those  in 
which  the  hardwood  trees  occupy  only  intermediate  or  subordinate 
positions  in  the  crown  canopy.  Where  these  hardwoods  are  codom- 
inant  they  do  increase  the  quality  of  lumber  in  pine  crop  trees,  but 
they  do  so  only  with  some  sacrifice  in  pine  volume  per  acre.  "Where 
hardwoods  form  a  considerable  admixture  in  pine  stands,  the  value 
of  the  increase  in  "B  and  Better"  lumber  is  more  than  offset  by  the 
decreased  pine  volume  resulting  in  lower  net  per-acre  values. 

Improvement  cuttings  are  generally  profitable.  In  one  forest  the 
initial  large-scale  operations  removed  3  to  5  cords  per  acre  from  nat- 
ural stands  and  5  to  10  cords  per  acre  from  old-field  stands  (Reynolds 
1937c).  The  sawtimber  cut  for  improvement  consisted  of  40  per- 
cent grade  1  logs,  34  percent  grade  2,  and  the  rest  of  low  grade. 
Thus  many  of  these  operations  to  remove  the  least  desirable  trees  are 
immediately  profitable.  There  is  evidence  from  Georgia  (Worrell 
1956)  that  it  pays  to  practice  intensive  silviculture  on  good  sites  to 
produce  full  crops  of  loblolly  pine. 

Type  of  stand  improvement 

Recent  developments  have  provided  a  variety  of  new  methods  for 
stand  improvement.  Mainly  they  help  to  do  three  things— kill  non- 
merchantable  material,  reduce  its  sprouting,  and  lower  the  cost  of 
disposal  by  older  methods.  To  accomplish  this  they  employ  fire, 
chemicals,  and  manual  or  mechanized  tools,  or  combinations  of  these 
as  situations  indicate.  A  thorough  treatment  often  should  employ 
more  than  one  agent  to  dispose  of  inferior  trees  (Bull  1934).  This 
is  true  especially  where  a  variety  of  sizes  and  species  of  unmerchant- 

93  A  moderate  investment  in  timber  stand  improvement  may  be  doubled  in 
the  value  it  adds  to  a  crop  in  the  form  of  increased  subsequent  growth  of  pine 
saw  logs.  In  many  places  on  average  sites  an  investment  of  $10  per  acre  can 
probably  be  recovered  in  the  next  3  years,  and  on  the  best  sites  an  investment 
of  $30  to  $40  may  pay  handsomely  (Stoltenberg  1956). 
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able  trees  must  be  treated,  for  they  differ  in  resistance  to  mortality 
from  girdling,  chemicals,  or  burning. 

A  wise  choice  of  methods  and  tools  must  be  based  also  on  the 
degree  of  control  needed  or  desired.  Uncut  forest  is  best  for  soil 
conservation.  Cutting  is  destructive  or  constructive  according  to  the 
way  it  is  done.  Young  growth  of  pine  needs  enough  release  to  per- 
mit it  to  gain  dominance,  but  not  so  much  as  to  induce  an  excessive 
upsurge  of  new  multiple-stem  low-level  competition.  In  most  diffi- 
cult situations  the  plan  to  achieve  a  certain  degree  of  control  must 
be  a  compromise  between  effective  kill  and  reasonable  cost  (Chaiken 
1952a).  In  game  management  cutting  should  not  destroy  vegetation 
useful  to  wildlife  for  food,  cover,  or  dens.  In  timber  management 
cutting  should  neither  overdraw  loblolly  pine  wood  capital  nor  over- 
stimulate  the  inferior  species  associated  with  it,  if  yields  are  to  be 
sustained. 

The  five  principal  measures  for  improvement  and  release  are  re- 
lated to  specific  aims  as  follows:  Fell  to  harvest  minor  products,  re- 
movable without  excessive  damage,  and  locally  usable  or  salable; 
girdle  to  avoid  damage  to  advance  reproduction  from  felling,  and 
to  deaden  tops  of  nonmerchantable  cull  and  weed  trees;  poison  to 
kill  both  tops  and  later  roots  of  all  sizes  of  undesirable  trees  and 
sprouts  as  quickly  as  possible;  burn  to  deaden  saplings  less  than  2 
inches  in  d.b.h.  back  to  ground  and  destroy  all  small  sprouts ;  machine 
with  heavy  equipment  to  break  clown  large  saplings  and  small  poles 
without  potential  value.  These  measures  are  prescribed  singly  and 
separately,  or  repeatedly  and  in  combination,  where  they  are  feasible 
and  as  local  conditions  indicate  the  need. 

Vegetal  competition,  varying  greatly  both  in  lateral  extent  and  in 
height  above  ground,  must  be  evaluated  before  a  measure  of  control 
is  prescribed.  A  suitable  treatment  often  needs  to  reduce  competition 
only  in  the  spots  and  at  the  canopy  levels  where  it  is  currently  in- 
tense and  hampering  the  crop  trees.  After  an  initial  deadening  of 
small  trees  such  a  treatment  does  not  necessarily  accomplish  any 
prompt  reduction  in  the  total  numbers  of  hardwood  stems,  for  they 
sprout  from  the  stumps  or  bases  where  the  tops — not  the  roots — are 
killed.  Thus  uncovered,  the  density  of  the  understory  tends  to  in- 
crease during  the  first  years,  in  some  degree,  whether  the  lethal  agent 
be  a  machine,  fire,  or  chemicals.  In  liberating  sapling  pines  from 
overtopping  trees,  sprouts  from  the  stumps  of  pole-sized  hardwoods 
seldom  reoccupy — during  the  period  required  for  pine  to  gain  ascend- 
ancy— more  than  10  percent  of  the  area  formerly  covered  by  the  cut 
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Figure  67. — Degree  of  liberation  achieved  in  northern  Mississippi  by  girdling 
or  by  applying  Animate  in  notches  6  inches  apart  on  oak,  gum,  and  hickory 
trees,  as  indicated  by  (A)  dying  of  crowns  with  elapsed  time  and  (B) 
resprouting  after  treatment   (Huckenpahler  1952). 

trees.  The  principal  silvical  gain,  however,  consists  in  shifting  to  a 
low  level  the  space  covered  by  undesirable  species. 

The  choice  of  a  lethal  agent  and  a  specific  method  to  achieve  these 
ends  affects  initial  cost,  incidental  damage,  or  both.  Costs,  the  num- 
ber of  treatments  needed,  and  the  results  obtained  vary  widely  by 
locality.  Undesirable  trees  may  be  girdled,  poisoned,  felled,  burned, 
or  bulldozed. 

Aerial  spraying  of  foliage  is  fast.  First  cost  is  low,  control  of 
herbicide  is  somewhat  difficult,  and  results  are  ATariable.  Supple- 
mental ground  work  is  needed  first  to  mark  strips  to  be  treated,  and 
later  to  mop  up  the  remaining  vegetation  to  be  deadened.  Usually 
(in  this  work  or  when  they  do  the  whole  job)  the  ground  crews  cut 
down  undesirable  trees  if  they  are  small  and  girdle  or  fell  the  larger 
ones,  whichever  is  the  easier. 

Trees  deadened  with  Animate  or  2,4,5-T  tend  to  die  sooner  and 
sprout  less  than  do  girdled  trees  (fig.  67).  Where  it  is  unnecessary 
to  kill  both  roots  and  tops  quickly,  as  on  game  management  areas. 
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simple  girdling  is  useful  in  silviculture.  Many  girdled  trees  sprout 
promptly  and  then  die  slowly.  Thus  they  remain  temporarily  use- 
ful for  browse  production  during  the  period  when  their  competition 
is  being  removed  from  the  overwood. 

Scheduling  treatments 

Where  they  may  be  needed,  timber  stand  improvement  operations 
of  a  blanket  type,  prescribing  the  use  of  fire  or  heavy  machines,  are 
most  effective  early  in  a  rotation.  Intermediate  cutting,  and  the 
application  of  herbicides,  are  useful  over  a  longer  period.  Late  in  a 
rotation  it  may  be  advisable  to  defer,  for  the  benefit  of  a  habitat 
favorable  for  wildlife,  all  further  timber  stand  improvement  until 
the  time  of  final  harvest. 

The  proper  season  for  stand  improvement  in  young  immature 
timber  deserves  minor  consideration.  Summer  work  is  effective, 
after  the  period  of  most  active  growth  but  while  the  trees  are  still 
in  full  leaf,  facilitating  identification  (Carmean  1947).  Another 
advantage  of  summer  treatments  may  be  less  vigorous  sprouts.  Buell 
(1940)  found  that  sprout  clumps  were  2%  feet  shorter  and  iy2  feet 
uarrower  after  cutting  in  July  or  August  than  they  were  following 
winter  work.  The  best  season  to  apply  herbicides  in  preharvest  im- 
provement work  in  older  stands  may  be  somewhat  earlier,  though 
satisfactory  results  are  obtainable  throughout  the  year. 

Estimates  of  working  time  required  to  eliminate  undesirable  trees 
are  useful  in  choosing  the  method  to  use.  Girdling  work  proceeds 
most  rapidly  if  it  can  be  mechanized,  where  slopes,  if  any,  are  gentle 
and  the  trees  soft  textured,  and  while  the  pole-sized  stems  to  be 
treated  are  still  relatively  small  (fig.  68).  Disposal  time  for  trees  less 
than  4  inches  in  d.b.h.  was  less  than  1  man-minute  each  regardless 
of  method  in  one  test,  but  for  the  larger  trees  felling  with  saws  was 
most  time  consuming,  girdling  intermediate,  and  poisoning  most  ex- 
peditious (MacKinney  and  Korstian  1932). 94 

94  By  each  method  the  per-acre  time  requirement  varies  mainly  with  the 
size  and  number  of  trees  treated.  For  example,  when  axes  were  used  to  notch- 
girdle  the  sapwood  in  mixed  hardwoods  on  83  acres  in  Alabama  the  time  re- 
quirements were  as  follows  (Yocum  1952,  Muntz  1952)  : 

T  =  0.006005  (sum  D)  —  0.010066  N 
where  N  is  the  number  of  trees,  "sum  D"  is  the  total  of  their  d.b.h.  measure- 
ments in  inches,  and  T  is  man-hours.  As  rough  approximations  of  this  we  have 
the  formula  0.005  (sum  D),  which  may  be  accurate  to  ±5  percent  for  8-inch 
trees  (Walker  1956),  and  the  formula  0.0056  (sum  D)  +  0.25  (Harrington 
1955c). 

Man-hours  needed  to  girdle  and  treat  trees  with  2,4,5-T  in  frills  (Wenger 
and  Trousdell  1958)  are  0.00584  (sum  D).    When  Ammate  crystals  are  used  in 
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Figure  68. — Comparative  tests  in  the  gulf  states  show  that  girdling  weed  trees 
with  a  machine  takes  less  time  than  girdling  with  an  ax.  With  either  tool 
hickory  requires  more  time — especially  on  the  steeper  slopes — and  more 
sharpening  of  blades  (Harrington  1955c). 

Commercial  cuttings 

The  primary  reason  for  improvement  cuttings  in  pole-sized  lob- 
lolly pine  is  to  transfer  wood  production  from  the  poorer  trees  of 
inferior  species  to  the  better  stems  among  the  pines.  Although  in- 
termediate cuttings95  may,  in  crowded  spots,  reduce  stand  density 
enough  to  step  up  rates  of  growth,  that  is  incidental  to  improvement 
in  stand  composition  and  stem  quality.  Like  the  other  measures 
here  discussed,  commercial  cuttings  can  be  used  to  effect  such  im- 
provement in  growing  stocks.  They  may  well  dispose  of  as  much 
undesirable,  but  salable,  material  as  local  markets  currently  per- 

notches  to  kill  trees,  the  time  requirement  has  been  reported  as  follows  (McClay 
1953d) : 

T  =  0.009  (sum  D)  —  0.005  N 
An  approximation  for  treating  stems  under  6  inches  in  d.b.h.  by  this  method 
is  simply  one-third  of  the  basal  area  in  square  feet  (McClay  1953b). 

When  the  trees  are  girdled  with  back-pack  machine  the  time  requirement 
(Yocum  1954)  in  man-hours  is  reduced  to: 

T  =  0.003641  (sum  D)  —  0.008017  N 
The  simpler  but  less  accurate  formulas  for  this  type  of  work  are  0.0025  (sum 
D)  or  0.0023  (sum  D)  —0.27  (Harrington  1955c). 

95  That  is  all  cuttings  between  periods  devoted  to  harvest  and  regeneration, 
except  thinnings  in  young  dense  stands  of  pure  pine,  discussed  in  the  following 
section,  Thinning. 
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mit.  Hence  they  may  follow  or  be  combined  with  other  improve- 
ment measures,  though  usually  it  is  advantageous  to  have  the  com- 
mercial cut  precede  the  others.  It  is  also  desirable  for  hardwood 
removal  to  precede  chemical  treatment  of  weed  species  by  at  least 
one  full  year. 

The  discriminating  judgment  needed  for  effective  improvement 
cuttings  rests  on  practical  knowledge  of  two  things:  (1)  The  relative 
capacity  of  desirable  trees  to  survive  and  dominate  with  or  without 
release,  and  (2)  the  present  worth  or  disposal  value  of  undesirable 
trees,  and  the  future  worth  or  potential  value  of  the  desirable  ones. 
Those  that  can  be  used  or  sold  at  a  price  at  least  equal  to  the  cost 
of  their  removal,  and  with  little  or  no  investment  in  slash  disposal, 
should  be  harvested  (Smith  1947,  Reynolds  1952a).  If  the  inferior 
trees  can  be  sold  to  better  advantage  later  they  can  well  be  kept  in 
stands  under  even-aged  management  to  avoid  breaks  in  the  crown 
cover  (Hopkins  1948). 

The  general  principles  of  tree  selection  are  useful  throughout 
the  range  of  loblolly  pine,  although  skill  in  such  selection  is  best 
developed  locally.  The  different  types  or  forms  of  pines  are  found 
in  varying  proportions  in  different  stands  (fig.  69).  Nearly  every- 
where the  "wolf  trees,"  Nos.  5  and  6,  should  be  removed  early  be- 
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jre  69.— Typical  remnants  of  old  growth  found  in  second-growth  stands. 
The  prevalent  mixture  of  such  remnants  aggravates  the  problem  of  harvest- 
ing the  least  promising  trees  early.  Classes  2,  8,  and  some  of  10  should 
be  reserved  as  growing  stock.  Nos.  3  to  7  and  9  are  trees  for  early  use 
or  disposal  to  free  the  area  for  better  trees  to  be  grown  (Heyward  1939). 


cause  they  occupy  too  much  space  and  will  not  produce  better  than 
No.  2  logs  or  grade  2C  lumber  (Reynolds  1939a).  The  other  types 
may  be  held  longer  provided  they  are  good  survival  risks  and  not 
retarding  better  trees.  Many  loblolly  pines  cankered  with  fusiform 
rust  are  good  risks  and  grow  at  satisfactory  rates  (Klawitter  1957). 
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Normally  the  slower  growing  and  defective  trees  are  removed  first 
if  they  are  merchantable. 

The  almost  regioirwide  market  for  pulpwood  and  more  localized 
markets  for  crossties  are  usually  the  best  outlet  for  all  pines  and 
some  hardwoods  removed  in  improvement  cutting.  The  relative 
values  of  the  wood  content  by  size  classes  and  the  growth  potential 
of  trees,  if  reserved,  have  been  determined  (table  33).  Such  differ- 
ences deserve  consideration  when  choosing  between  trees  to  remove 
in  improvement  cuttings. 

Table  33. — Volume  of  loblolly  pine  pulpwood  and  its  value  per  inch  of 
increase  in  the  diameter  of  typical  trees 

Increase  in 

Pulpwood      Value  of  1       value  for  1 
DJj.h.  Volume  Stand  value      inch  of  growth  inch  increase 

(inches)  per  tree1        per  cord2        per  tree3      in  diameter*     in  diameter5 

Cu  ft  Trees  Dollars  Dollars  Percent 

6  2.8  27.8  0.18  0.12  67 
7 4  7            16.7              .30  .15  50 

0 7  2  11.1  .45  .18  40 
9 10.3             7.9              .63              .21  32 

in 14.3  5.8  .84  .24  27 

U 18.4  4.6  1.08  .26  24 

12 22.6  3.7  1.34  .31  22 

\o"  28.1  3.0  1.65  .33  20 

\l\  ;;;;;; ;;;;;;;    34.1         2.5        1.98         .36  19 

1  Heights  from  figure  50A,  chapter  6,  Growth  and  Yield.  ..... 

2  Cu.  ft.  per  cord  equal  77  for  6-inch  trees  up  to  86  for  14-inch  trees  (MacKinney  and  Chaiken,  1956). 

3  Puipw'ood  values  at  $5  per  cord  smoothed  by  curving. 

4  Differences  in  preceding  column. 

s  Ratios  between  data  in  preceding  two  columns. 

For  improvement  cuttings  on  a  5-year  cycle  in  pole-size  single- 
storied  stands  in  the  loblolly  pine-hardwood  type  of  forest  the 
following  approximate  guide  to  desirable  spacing  is  useful  (U.S.F.S. 
1933)  : 

Average  d.b.h.      Distance  between  trees1    Stand  per  1/10  acre 
(inches)  (feet)  (trees) 

4.8  68 

6    10  44 

8"                ....  12  30 

10   15  20 

i  Estimated  average  space  to  be  provided  between  a  crop  tree  and  each  of  its  nearest  three  neighbor  trees. 

The  cutting  may  be  heavier  if  a  10-year  cycle  is  used. 

A  complete  canopy  helps  to  keep  the  forest  floor  clear  and  re- 
ceptive of  subsequent  measures  to  obtain  reproduction.  Large  breaks 
in  the  crown  canopy  from  stand  improvement  operations  may  result 
in  premature  reproduction.  In  this  situation  the  opportunity  for 
secondary  benefits  (i.e.,  seedling  release)  through  further  removal  of 
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trees  from  the  overstory  is  sharply  limited,  if  plans  for  a  regulated 
forest  are  to  be  followed.  That  is,  under  intensive  even-aged  manage- 
ment, scattered  volunteer  seedlings  have  nothing  to  gain  from  early 
cuttings  in  the  overwood  because  all  adequate  regeneration  is,  or 
should  be,  segregated  on  separately  designated  areas.  Hence  pre- 
mature reproduction  in  response  to  improvement  operations  need  not 
be  liberated.  Under  uneven-aged  management  such  seedlings  need 
not  be  regarded  as  premature.  Within  the  larger  openings,  and  on 
the  still  larger  regeneration  areas  used  in  even-aged  management, 
especially  along  the  borders  of  each,  the  pine  seedlings  may,  or  may 
not,  need  deliberate  release  depending  on  soil  moisture  supplies. 
Elsewhere  it  is  appropriate  that  seedling  advances,  if  any,  be  ignored 
and  sacrificed  to  the  system  in  use. 

Herbicides 

A  marked  increase  in  the  use  of  chemicals  to  kill  weed  trees  in 
loblolly  pine  forests  has  followed  the  development  of  several  new 
compounds,  including  two  synthetic  plant  hormones  in  recent  years 
(plate  8).  The  three  principal  chemicals  are  Animate,  2,4-D,  and 
2,4,5-T.96  Their  utility  is  well  established  but  the  prescriptions  for 
applying  them  are  still  under  development.  Animate  and  2,4,5-T  are 
now  used  most  extensively.  The  latter  appears  to  function  as  a  hor- 
mone by  depressing  photosynthesis  while  stimulating  excessive  respira- 
tion. Sold  in  concentrated  form,  they  can  be  used  in  water  solution, 
though  light  oil  carriers  are  usually  preferred,  for  oil  is  in  itself 
toxic  and  is  better  able  to  penetrate  bark.  Amounts  of  2,4,5-T  to 
use  in  preparing  solutions  or  emulsions  are  as  follows: 

Acid  equivalent  per 
100  gallons  of  spray 
material 
(pounds) 

Used  for—  Carried  in— 

Foliage   Water   2 

Frills   Water  or  oil .  .   8 

Basal  or  stump 

sprays   Oil   20 

96  These  are  abbreviated  designations.  Animate  is  80  to  95  percent  am- 
monium sulfamate.  2,4-D  is  derived  from  2,4-dichlorophenoxyacetic  acid,  and 
-,4,5-T  from  trichlorophenoxyacetic  acid.  Another  chemical,  2,4,5-TP  or  2(2  4 
5-trichlorophenoxyproprionic  acid),  has  been  formulated  but  not  extensively 
tested  (Walker  1956).  The  most  useful  forms  of  the  hormones  are  the  salts 
or  esters.  As  effective  as  the  high  volatile  esters  are  the  Ioav  volatile  ones  like 
the  propylene  glycol  butyl  ether  esters.  The  esters  may  contain  40  to  50  per- 
cent of  the  commercial  'product  sold  in  concentrated  form  containing  2  to  4 
pounds  of  acid  equivalent  per  gallon. 
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Plate  8. — In  managing  immature  forest  to  grow  loblolly  pine,  inferior  hard- 
woods should  be  deadened,  A,  to  liberate  planted  or  volunteer  pine  seedlings 
from  suppression  by  the  overwood,  and  later  all  dense  stands  of  young 
pine  timber,  B,  should  be  thinned  periodically  to  release  the  better  trees 
from  crowding  and  to  confine  all  hardwood  sprout  growth  to  the  under- 
story  (Photos  courtesy  U.S.F.S.  and  Louisiana  Forestry  Commission). 
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Aerial  and  other  blanket  methods  of  killing-  undesirable  vegeta- 
tion by  foliar  spraying  with  herbicide  so  far  have  had  limited  ap- 
lication  for  several  reasons.  The  pattern  of  variation  in  value  of 
species  associated  with  loblolly  pine  does  not  match  their  relative 
susceptibility  to  chemicals.  Tims  lack  of  selectivity  (horizontal  con- 
trol of  lethal  effects)  is  a  disadvantage  in  blanket  treatments  of 
mixed  stands.  There  is  also  some  danger  of  accidental  damage  else- 
where when  wind  may  shift  the  spray  and  injure  adjacent  crops. 
Repeated  spraying  of  a  forest  may  be  needed  for  successive  reduction 
in  levels  of  shade.  A  spray  that  kills  the  overstory  may  not  pene- 
trate to  the  understory;  a  second  spraying  to  eliminate  shrubs  may, 
in  turn,  overstimulate  grass  and  weeds  that  compete  with  pine  seed- 
lings. Thus  differences  in  penetration  from  above  (i.e.,  lack  of 
vertical  control)  is  also  a  disadvantage.  The  cost  of  repeat  treat- 
ments may  be  prohibitive.  Another  difficulty,  where  a  thorough 
killing  job  is  sought,  is  that  downward  translocation  of  herbicides 
within  defoliated  plants  is  apparently  negligible. 

Aerial  spraying  is  helpful  in  extensive  clearing  operations  prior 
to  planting,  or  on  open  areas  where  sprouts  are  competing  actively 
with  the  seedlings.  The  application  of  iy2  to  2V2  pounds  of  acid  per 
acre  from  aircraft  can  economically  defoliate  hardwoods  90  percent 
m  the  first  year.  One  or  more  applications  can  reduce  sprout  cover- 
age nearly  70  percent  (Martin  and  Clark  1954)  and  may  be  effec- 
tive in  releasing  about  20  percent  of  suppressed  seedlings.  Follow- 
up  treatments  by  interplanting  and  other  measures  are  often  essen- 
tial (Ray  1957). 

Ground  work  permits  effective  placement  of  chemicals  in  low 
level  incisions  where  they  can  most  readily  travel  upward  to  girdle 
the  main  stem,  and  thus  kill  the  whole  tree  promptly.  Roots  trans- 
mit certain  chemicals  readily  (Moreland  1950a) ,  even  through 
natural  grafts  (Grano  1951b).  but  resist  ingress  of  them  from 
the  stems.  Also  the  aboveground  horizontal  translocation  of  herbi- 
cides in  sapwood  is  sharply  restricted.  To  counter  these  limita- 
tions current  practice  uses  heavy  applications  on  the  large  trees, 
or  on  stumps  of  small  ones  (Grano  1952a,  Peevy  1953  and  1954).' 
All  trees  larger  than  4  inches  in  d.b.h.  may  be  girdled  with  single- 
hack  -frills"  (Chaiken  1951b,  Carvell  1956).  These  frills  can 
then  be  treated  with  a  mixture  of  2,4,5-T  in  oil.  The  identical 
formulation  can  be  applied  by  the  same  crew  as  a  basal  spray 
to  saturate  the  lower  4  inches  of  stem  and  the  root  collar  of 
saplings  clown  to  a  quarter  inch  in  d.b.h.  if  desired.  A  6-  or  7-man 
crew  can  operate  efficiently  in  this  manner  if  the  ratio  of  ax  men  to 
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spray  men  is  adjusted  to  local  variations.  Under  normal  conditions 
using  8  gallons  of  spray  and  covering  strips  about  50  feet  wide,  such 
a  crew  can  treat  12  to  17  acres  in  8  hours.  All  herbicides  used  in 
incisions  must  be  applied  to  freshly  cut  surfaces  before  the  conductive 
cells  of  the  wood  become  clogged. 

Another  way  to  deaden  the  larger  trees  is  to  deposit  ammonium 
sulfamate  (Ammate)  in  freshly  chopped  basal  notches.  This  sub- 
stance, being  hygroscopic,  is  absorbed  by  moist  sapwood  usually 
within  24  hours.  (In  storage  it  deteriorates  rapidly  unless  sealed 
against  moist  air.)  Two  chopped  notches  are  sufficient  for  all  trees 
up  to  6  inches  in  d.b.h.  Larger  trees  need  an  additional  notch  for 
about  every  additional  2  inches  of  diameter  (Peevy  1949,  Peevy  and 
Campbell  1949).  A  heaping  tablespoonful  of  Ammate  is  used  per 
notch  or  twice  as  much  for  refractory  species.  Resistance  to  Ammate 
poisoning  is  tentatively  listed  for  upland  weed  trees  in  the  Deep 
South  as  follows: 

Easy  to  kill  Intermediate  Hard  to  kill 

Sweetgum  Blackjack  oak  Hickory 

Blackgum  Elm  Beech 

Ash  Persimmon 

Hornbeam  White  oak 

Numerous  other  associates  of  loblolly  pine  have  been  listed  as  rel- 
atively easy  or  hard  to  kill  (Walker  1956). 

Requiring  less  time  and  less  herbicide,  frills  tend  to  be  effective 
because  they  actually  incise  the  entire  perimeter  of  a  tree.  Trees 
may  survive  treated  frills  if  any  of  the  cambium  remains  uncut. 
Two-hack  girdles,  or  girdles  machined  at  a  convenient  height,  are 
commonly  used  without  chemicals  where  quick  release  is  not  essential 
(Grano  1952a).  Time  requirements  vary  considerably  for  the  dif- 
ferent methods  of  treating  cull  hardwoods  (fig.  70).  The  chemical 
solution  may  be  carried  to  frilled  trees  in  a  5-gallon  back-pack  can 
with  flexible  hose  and  trigger  shutoff,  or  a  1-gallon  jug  fitted  with 
a  spout  for  pouring. 

One  gallon  of  2,4,5-T  in  diesel  oil  may  be  used  to  treat  the  fol- 
lowing numbers  of  frilled  trees  (Chaiken  1951  a  &  c,  Cassady  and 
Peevy  1948)  : 

D.b.h.  Frills  1  gallon  will  treat 

(inches)  (number) 

6   38 

8   29 

10   23 

12   19 

14   16 

16   14 
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Figure  70. — Various  methods  of  killing  cull  hardwoods  and  retarding  sprout- 
ing, by  size  of  tree  in  relation  to  cost,  A,  in  Louisiana:  and  by  time  re- 
quired to  treat  specified  numbers  of  6-inch  stems,  B,  in  Xorth  Carolina. 
(Mann  1950a  and  1950b,  Wenger  and  Trousdell  1958). 

It  may  act  more  slowly  than  Animate,  but  foliage  may  discolor  in  2 
days  and  the  trees  die  in  from  2  to  12  months.  At  least,  after  spring 
treatment  many  trees  will  be  dead  by  the  following  winter.  There 
is  a  general  tendency  for  both  crown  kill  and  basal  sprouting  to 
increase  slightly  during  the  first  2  years  after  treatment  (Bull  and 
Campbell  1949  ).  When  the  unthrifty  trees  are  cut  the  first  year, 
the  stumps  are  more  likely  to  sprout  than  if  they  are  permitted  to 
die  slowly  |  Peevy  and  Campbell  1947).  Most  of  the  sprouts  in- 
duced by  herbicide  in  frills  die  within  3  years. 

Sometimes  a  dense  thicket  of  hardwood  sprouts  can  be  held  down 
effectively  with  a  single  chemical  treatment  at  less  cost  than  that 
of  two  weedings  with  cutting  tools  (Lotti  and  McCulley  1951). 
Among  twenty  hardwood  species  commonly  associated  with  loblolly 
pine,  only  one.  Ilex  opaca  Ait.,  has  been  observed  to  be  appreciably 
resistant  to  early  growing-season  frill  treatment  with  2.4. 5-T  in  oil 
(Lotti  1957). 

Seldom  is  eradication  possible  with  any  single  treatment.  Where 
chemical  eradication  was  attempted  on  a  test  plot  in  Arkansas,  some 
250  living  sprouts  per  acre  were  found  4  years  later.  To  cope  with 
sprout  thickets  of  2-  to  3-inch  trees  chemicals  can  be  applied  to  the 
base  of  stems  or  tops  of  fresh  stumps  in  two  principal  ways:  (1) 
Automatic  injection  with  each  thrust  of  a  special  chisellike  instru- 
ment such  as  the  '-Cornell  tool"  or  the  -  'Little  Tree  Injector,"  and 
(2)  basal  sprays  to  get  2.4.5-T  to  penetrate  bark  and  kill  the  vital 
cambium  tissue. 

The  pipe  reservoir  that  forms  the  handle  of  the  Cornell  tool  may 
be  filled  with  a  mixture  of  1  gallon  of  2.4.5-T  in  20  gallons  of  diesel 
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oil.  The  basal  perimeter  of  each  tree  is  struck  at  ground  level  with 
one  downward  jab  for  each  inch  of  diameter.  Although  resistance 
varies  by  species,  about  3  out  of  4  of  the  sprouts  will  be  dead  a 
year  or  two  later  (Brasington  1950,  Grano  1952a,  Shipman  1953, 
Goddard  1954). 97 

Where  stumps  alone  are  to  be  treated  to  reduce  sprouting  the 
simplest  treatment  is  to  spread  Ammate  crystals  on  the  freshly  cut 
cross  section  of  sapwood  and  bark.  A  less  costly  alternative  is 
simply  to  wet  tops  and  sides  of  the  stumps  with  the  same  diesel  oil- 
herbicide  basal  spray  used  on  uncut  saplings. 

Basal  spraying  is  a  good  selective  way  to  dispose  of  the  small 
undesirable  trees  of  various  species,  or  larger  individuals  of  thin- 
barked  species.  The  amount  of  emulsion  needed  to  treat  trees  of 
different  diameters  is  about  as  follows  (Chaiken  1951c,  Goddard 
1955)  : 


D.b.h.  Tree  bases  1  gallon  will  spray 

(  inches  )  (  number) 

6   13 

8   9 

10   7 

12   5 

14   4 

16   3 


The  reaction  is  slow  but  satisfactory  on  most  species  at  any  time  of 
year — sometimes  all  the  trees  die — provided  enough  liquid  herbicide 
has  been  used  to  thoroughly  saturate  the  bark  at  the  root  collar  where 
dormant  buds  are  most  numerous  (Bramble,  Worley,  and  Brynes 
1953). 

Four  principal  procedures  now  used  to  eliminate  undesirable 
trees  with  or  without  herbicides  are  shown  in  figure  71.  The  fifth 
method,  not  illustrated  but  rapidly  gaining  in  favor,  utilizes  special 
injectors  to  put  the  herbicide  into  the  sap  stream. 

With  the  exception  of  sodium  arsenite,  rarely  used  in  the  South, 
the  hazards  of  applying  modern  herbicides  are  low.  Some  of  them 
may  irritate  the  skin  after  long  exposure.  Ammate  and  2,4,5-T  are 
nontoxic  to  both  animals  and  human  beings.  Some  poisonous  plants, 
ordinarily  shunned  by  domestic  stock,  may  be  browsed  after  being 
wilted  by  chemicals,  but  this  seldom  happens  in  the  selective  use 
of  hormone  sprays.    Any  possible  sterilization  of  soil  from  the  over- 

97  When  a  16-pound  modification  of  this  tool  called  the  "  Little  Tree  In- 
jector" was  tested  on  trees  7  inches  or  less  in  diameter  (D)  in  Texas  the 
following  formulas  were  derived  (Davis  and  Duke  1955)  : 

Solution  needed  in  gallons  =  0.0015  (sum  D)  +  0.147 
Injection  time  in  man-hours  =  0.124  +  0.0042  (sum  D) 
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Figure  71. — Sapwood  chips  are  removed  with  an  ax  or  machine  from  the  notch 
girdle,  A,  to  kill  the  top  slowly  and  let  the  smaller  trees  sprout.  At  B 
the  base  is  drenched  with  2,4,5-T  to  deaden  the  tree  slowly  without  any 
incision.  At  C  notches  are  closely  spaced  near  the  root  collar  and  filled 
with  Animate  to  kill  the  tree  promptly  and  discourage  sprouting.  D  shows 
a  frill  wherein  no  chips  are  removed,  but  the  perimeter,  completely  girdled, 
is  soaked  with  a  liquid  herbicide,  usually  2,4,5-T  in  oil. 

flow  of  herbicides  is  temporary  and  insignificant  for  these  compounds 
disintegrate  rapidly  in  the  warm  moist  soil  of  the  loblolly  pine  region. 

A  herbicidal  treatment  that  kills  trees  slowly  but  surely  is  often 
preferable  to  one  that  injures  them  quickly  but  indecisively.  THiere 
a  prompt  kill  is  desirable,  however,  the  most  favorable  season  for 
the  use  of  herbicides  deserves  attention.  For  example  it  has  been 
shown  i  Shipman  195S  that  although  50  percent  destruction  of 
sweetgum  (i.e..  without  sprouting)  may  be  achieved  3  years  after 
plain  girdling  at  any  season,  the  same  results  can  be  had  in  2  years 
from  late  dormant -season  treatments  (December  to  February)  with 
2.4.5-T  in  oil  applied  in  frills.  Furthermore  the  herbicide  treat- 
ment in  the  early  dormant  season  ( September  to  November  I  brought 
like  results  in  1  year,  and  during  the  growing  season  was  equally 
effective  in  6  or  7  months.    Hormone  herbicides  work  most  rapidly 
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in  warm  weather,  but  at  the  end  of  3  years  after  treatment  not 
much  difference  is  attributable  to  season  of  treatment. 

Manual  and  mechanized  measures 

Mechanical  treatments  are  used  largely  for  type  conversion,  or 
to  prepare  sites  for  regeneration,  rather  than  for  stand  improve- 
ment. However,  in  changing  over  from  mixed  to  relatively  pure 
stands  of  pine,  through  the  reproduction  process,  mechanized  treat- 
ments reduce  the  ensuing  need  for  cleaning  operations. 

Manual  methods  are  often  used  in  stand  improvement,  but  seldom 
is  a  single  procedure  wholly  adequate  to  recondition  neglected  forest 
stands  on  any  extensive  area.  Most  often  mechanical  methods  are 
best  applied  in  conjunction  with  a  preliminary  controlled  burn,  or 
a  final  chemical  "mopup"  treatment,  or  both.  The  fact  that  chem- 
ically treated  trees  die  sooner  and  sprout  less  is  not  in  itself  sufficient 
reason  to  rely  solely  on  herbicides.  Furthermore  prescribed  burning 
alone  may  not  do  a  complete  control  job.  Logging  may  inadvertently 
release  weed  species.  Then  if  the  desired  seedlings  fail  to  come  in 
promptly,  the  sprouting  of  old  hardwood  roots  can  aggravate  the 
subsequent  measures  needed  to  liberate  the  next  crop  of  pine. 

In  some  situations  the  conventional  manual  methods  of  releasing 
pine  from  cull  hardwoods  are  economical  and  satisfactory.  This  is 
particularly  true  where  most  of  the  hardwoods  are  at  least  10 
inches  in  d.b.h.  and  less  likely  to  sprout  vigorously.  It  is  best  to 
cut  rather  than  girdle  trees  under  4  inches  in  d.b.h.  The  problem 
size-class  of  hardwoods  consists  of  trees  10  to  30  years  old  that  are 
too  small  to  sell  but  too  large  to  kill  by  control  burning  (Clark 
1947b  I .  There  is  some  evidence  that  among  these  trees  the  smaller 
ones  can  be  killed  by  injections  of  2,4. 5-T  at  costs  not  exceeding  those 
for  felling  them.  During  dry  cycles,  at  least,  there  is  considerable 
merit  in  rather  complete  removal  of  the  understory  vegetation,  but 
ordinarily  there  is  no  need  to  eliminate  all  coppice  growth,  the  aim 
being  to  lower  its  level  until  established  pine  can  overtop  the  sprouts. 

The  intermediate  cutting  and  girdling  used  to  subordinate  the 
hardwoods,  and  otherwise  improve  pine  stands,  can  cause  incidental 
felling  damage  to  regeneration  in  irregular  stands,  or  to  crop  trees 
in  even-aged  stands,  but  usually  this  damage  is  not  excessive.  In 
improvement  cuttings,  as  much  as  half  the  growing  stock  can  be 
removed  from  many  stands,  if  necessary,  without  excessive  damage 
to  the  remainder.  The  damage  inflicted  on  loblolly  pine  saplings 
and  pole-sized  trees  need  not  exceed  12  percent  in  natural  second 
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growth  or  20  percent  in  old-field  stands  of  loblolly  pine  (Smith  1947, 
MacKinney  1934a).  Snags  from  deadened  trees  that  break  and  fall 
early  do  little  damage;  the  ones  that  disintegrate  gradually  cause 
even  less.  Damage  can  be  avoided  in  skidding  timber  out  with 
animals,  even  when  it  is  handled  as  tree-length  logs  (Williston 
1949b).  Benefits  from  disposal  of  culls  and  weed  hardwoods  far  out- 
weigh the  damage  incident  to  their  careful  removal. 

Heavy  power-driven  machinery  promises  to  be  most  useful  in 
type  conversion  where  pine  forests  are  seriously  depleted  and  the 
land  largely  taken  over  by  inferior  hardwoods.  If  the  prime  need 
is  to  reduce  the  existing  competition,  power  must  be  applied  to 
destroy  hardwood  growth  perhaps  by  bulldozing  or  chaining  ;98  under- 
cutting or  root  raking;  chopping  or  shredding.  Both  scarification 
and  soil  mixing  operations  may  damage  pine  sites  where  soils  are 
erodible,  land  is  sloping,  and  rainfall  heavy.  Elsewhere  plowing 
may  injure  the  site  less  than  excessive  scraping  that  displaces  too 
much  productive  topsoil.  Small  bits  of  root  stocks  left  in  the  ground 
sprout  vigorously.  Nevertheless,  bulldozing  is  most  effective  in  con- 
trolling thickets  of  hardwood  trees  up  to  about  6  inches  in  d.b.h. 
Near  Crossett,  Ark.,  Grano  found  it  reduced  the  numbers  of  stems 
present  2  years  later  to  about  8,000  per  acre  whereas  after  various 
other  mechanized  treatments  13,000  to  15,000  stems  were  still  present. 
Fortunately  the  surge  toward  hardwood  need  only  be  subdued  in 
order  to  grow  pine,  for  eradication  at  any  reasonable  cost  is  seldom 
possible. 

The  use  of  heavy  machinery  in  stand  improvement,  however,  is 
sharply  limited  by  its  lack  of  selectivity,  together  with  the  necessity 
of  keeping  fire  hazards  low  and  avoiding  damage  to  the  soil.  Partic- 
ularly is  this  true  in  using  it  deliberately  to  minimize  later  cleaning 
and  weeding,  or  incidentally  to  accomplish  such  work  in  existing 
stands.  By  contrast  the  use  of  the  new  light  portable  machines  for 
power  girdling  of  trees  does  permit  selectivity  in  stand  improve- 
ment. Such  machines  may  double  or  triple  the  rate  of  disposing  of 
undesirable  trees,  provided  they  are  not  badly  scattered,  are  not  on 
rough  terrain,  and  do  not  have  hard  abrasive  bark  like  that  of 
hickory  (Harrington  1955c,  Doolittle  1955). 

98  Chaining  is  a  relatively  new  idea.  An  anchor  type  chain  weighing  about 
50  pounds  per  foot  is  drawn  from  each  end  by  two  tractors  operating  100  to 
120  feet  apart.  One  pass  is  made  to  knock  trees  down  and  a  return  trip  to 
uproot  them.^  The  material  may  later  be  pushed  into  windrows  100  feet  apart 
or  deposited  in  depressions  that  are  not  good  pine  sites.  (Experiment  by  Bruns- 
wick Paper  Co.  in  Georgia.) 
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Use  of  fire" 

Foresters  who  desire  to  use  fire  in  stand  improvement  are  cog- 
nizant of  many  limitations  in  its  proper  application.  There  are 
situations  where  it  is  impracticable  to  burn,  and  times  when,  be- 
cause of  fuel  conditions,  it  is  impossible  or  inadvisable  to  burn 
(Chaiken  1950b).  Frequent  rainfall  limits  the  number  of  good  burn- 
ing days.  Usually  burning  can  safely  be  prescribed  in  cured  fuels 
2  to  5  days  after  a  rain  of  one-half  inch  or  more  (Walker,  L.  W. 
1956).  In  summer  2  weeks  of  drought  may  be  needed  before  fires 
will  carry  in  a  light  "rough,"  and  then  only  with  considerable 
breeze.  Yet  hardwood  underbrush  in  loblolly  pine  forests  that  re- 
main long  untouched  by  fire  becomes  dense  enough  to  impede  any 
work  in  stand  improvement  by  other  methods  (Golden  1951). 

The  relative  size  of  stems  to  be  killed  or  saved  largely  controls 
the  possibility  of  using  fire  effectively.  An  ideal  burning  for  hard- 
wood control,  i.e.,  one  that  kills  a  high  percentage  of  hardwoods 
while  damaging  few  pines,  seems  unattainable  where  trees  of  both 
species  groups  are  of  equal  size  (Ferguson  1957b).  Periodic  winter 
burning  alone  can  readily  be  used  to  control  underbrush  only  where 
nearly  all  hardwood  stems  are  less  than  2  inches  in  d.b.h.  and  the 
pines  appreciably  larger  (Chaiken  1949,  Silker  1955a).  It  is  best 
not  to  burn  until  the  loblolly  pines  are  at  least  10  or  15  years  old 
and  15  to  20  feet  tall  and  until  their  crowns  are  high  enough  to 
escape  scorching.  In  the  management  of  immature  stands  this  first 
burn,  to  remove  accumulated  fuels  and  underbrush  draped  with 
flammable  litter,  is  difficult  to  execute.  In  the  Southeast  it  is  done 
in  cool  weather  a  few  days  after  a  rain  by  backing  a  fire  into  a  steady 
wind  to  dissipate  the  hot  gases. 

Purposeful  burning  under  a  prepared  plan  is  often  done  in  winter 
when  the  cured  vegetation  and  weather  conditions  provide  a  fairly 
long  burning  season.  It  should  be  repeated  at  intervals  of  4  to  10 
years  to  keep  the  hardwoods  small  enough  for  continued  control  by 
fire.  "Winter  fires  do  not  burn  deeply  into  the  litter  and  have  little 
effect  on  mull  or  duff-mull  soils.  Daytime  burning  is  preferable 
to  night  burning,  because  cleaner,  more  continous  burns  are  attain- 
able. Fortunately  labor  for  standby  duty  and  for  emergency  sup- 
pression is  more  readily  available  in  daytime.    Backfires — used  espe- 

99  Prescribed  burning  in  relation  to  the  exclusion  of  wildfires  is  discussed  in 
chapter  3,  Protection;  in  relation  to  forest  succession  in  chapter  2,  The  Species 
and  Its  Environment;  in  relation  to  preparing  sites  for  reproduction  in  chapter  4, 
Natural  Eegeneration ;  in  relation  to  direct  seeding  or  planting,  in  chapter  5, 
Artificial  Eegeneration;  and  in  relation  to  improvement  in  stand  composition  here 
in  this  chapter. 
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cially  in  young  stands— may  be  set  when  the  wind  is  between  3  and 
10  miles  per  hour  near  the  ground  in  the  open  areas.  When  and  where 
fuel  is  scarce  on  the  ground  it  will  be  necessary  to  use  head  fires, 
but  they  should  seldom  be  used  in  sapling  stands  when  the  wind 
exceeds  5  miles  per  hour. 

Large  areas  of  level  ground  or  gently  rolling  slopes  should  be 
burned  progressively.  The  strip  burning  method  is  appropriate  for 
large  pole  or  sawtimber  stands  with  a  light  soil  cover  of  flat  fuels. 
Rows  of  spot  fires  or  parallel  lines  of  fire  are  set  at  right  angles  to 
the  wind  beginning  on  the  leeward  side  of  the  tract  rather  closely 
in  front  of  a  prepared  barrier  and  then  firing  each  succeeding  strip 
to  burn  with  the  wind  toward  the  previously  burned-over  land. 
Strips  1  to  -4  chains  wide,  depending  on  burning  conditions,  are 
ignited  in  succession  in  order  to  take  advantage  of  the  wind  to  carry 
fire  and  yet  not  have  an  uncontrolled  head  fire  going.  The  burning 
intensity  can  be  controlled  deliberately  according  to  fuel  supply 
and  the  stems  to  be  killed  (Hills  1957). 

Progressive  burning  with  spring  fires  in  the  tkBig  Thicket  "  area 
of  east  Texas  has  been  successful.  The  burns  were  repeated  at 
short  intervals  over  a  period  of  5  years.  Here  the  underwood  con- 
sists of  oaks,  gums,  yaupon,  haws,  arrowwood,  candleberry,  and 
huckleberry.  The  stand  of  these  species  was  reduced  at  the  rate 
of  about  731  stems  per  acre  by  each  additional  spring  fire  (Harring- 
ton and  Stephenson  1955)  : 

Stems  per  acre  after — 


Stem  size-class        No  fire       One  fire     Two  fires    Three  fires 
(  number)    (  number  )    (n  umber )    (  number  ) 


1-inch  

1,708 

1,354 

1,104 

333 

2-inch  

708 

708 

271 

104 

3-inch  

396 

396 

104 

83 

Total  

2,812 

1,916 

1,479 

520 

Rootstocks  may  not  have  been  much  affected,  but  the  reduction 
represents  ingrowth  of  new  stems  minus  the  mortality  among  all 
stems.    The  damage  to  pines  was  negligible. 

Summer  fires  may  be  needed  to  destroy  hardwoods  that  are  too 
large  to  kill  at  other  seasons.  Experience  in  dormant  season  burn- 
ing is  desirable  before  any  attempt  is  made  to  use  fire  in  summer. 
In  any  case  the  excess  hazard  caused  by  a  heavy  accumulation  of 
fuel  should  be  reduced  by  a  winter  fire  a  year  or  two  in  advance  of 
summer  burning.  Then  a  series  of  summer  fires  can  be  used  to  im- 
prove stand  composition.    Summer  fires  can  deaden  trees  up  to  4 
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inches  in  d.b.h.,  but  in  hot  weather  they  may  burn  severely  enough 
to  kill  much  larger  trees,  and  great  skill  is  required  to  avoid  excessive 
damage  to  young  pine  stands  (Lotti  and  McCulley  1951).  In  the 
Francis  Marion  National  Forest  the  preliminary  winter  burning  some- 
times fails  to  remove  damp  fuel  accumulated  at  the  base  of  valuable 
pines;  summer  burning  of  such  areas  is  avoided.  Because  of  the 
need  for  extra  precautions,  summer  burning  in  strips  25  to  100 
feet  wide  is  likely  to  cost  one-third  more  than  winter  burning.  The 
few  surviving  4-inch  hardwoods  are  likely  to  be  nearly  encircled  by 
basal  scars.  The  disposal  of  these  and  larger  cull  trees  is  deferred 
until  it  is  time  to  regenerate  the  pine  stand  (Riebold  1955a). 

In  the  Coastal  Plain  of  South  Carolina  four  consecutive  June 
fires  in  40-  to  50-year-old  loblolly  pine  stands  eliminated  about  half 
of  the  small  hardwoods,  but  resistance  varied  widely  with  species 
(Chaiken  1952b).  The  cumulative  mortality  percentage  after  the 
fifth  fire  was  45  for  the  oaks,  52  for  blackgum,  78  for  sweetgum,  and 
94  for  myrtle  (fig.  72).  Some  69  percent  of  the  understory  was 
eliminated  (Lotti  1956a).  Mortality  expected  from  successive  sum- 
mer burning  on  the  Francis  Marion  National  Forest  includes  75 
to  90  percent  of  all  undesirable  trees  less  than  6  inches  in  d.b.h. 
(Hills  1954). 

In  other  locations,  where  the  more  common  hardwood  weeds  may 
be  more  resistant,  the  results  may  be  less  satisfactory.  Less  effective 
initial  control  also  results  when,  because  of  poor  scheduling  or  bad 
weather,  the  summer  burning  becomes  biennial  rather  than  annual 
(Lotti  1955)  ;  but  after  about  the  third  biennial  fire  mortality  is  at 
the  same  level  as  for  annual  fires.  A  prerequisite  for  extensive  use 
of  fire  in  summer  is  adequate  local  experience  with  it. 

A  practical,  though  not  everywhere  necessary,  3-phase  program 
for  utilizing  fire  in  producing  an  even-aged  crop  of  loblolly  pine 
can  be  briefly  stated.  This  program  calls  for  one  or  more  fires  at 
each  of  at  least  three  occasions  as  follows:  (1)  Early — i.e.,  at  about 
15  years — in  stands  of  pine  saplings,  (2)  later,  when  the  thicker 
bark  and  higher  crowns  of  pole-sized  trees  make  the  pines  more 
resistant,  and  (3)  finally,  just  prior  to  seedfall  and  final  harvest  of 
mature  timber.  The  primary  reasons  for  this  burning  are  respec- 
tively three:  (1)  To  reduce  hazard  and  protect  the  stand  from  wild- 
fire, (2)  to  destroy  or  suppress  underbrush  and  hardwood  trees  with 
small  stems  (less  than  2  inches)  so  as  to  develop  relatively  pure 
stands  of  pine,  and  (3)  to  kill  recent  sprouts  and  prepare  the  ground 
for  reproduction  of  pine.  To  these  ends  the  prescriptions  for  burn- 
ing vary  mainly  as  follows:  (1)  Bur^  against  a  gentle,  but  steady, 
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YEARS  SINCE  FIRST  ANNUAL  SUMMER  FIRE 

Figure  72. — Cumulative  lethal  effects  on  understory  hardwoods  from  successive 
summer  fires  in  40-  to  50-year-old  loblolly  pine  stands  on  the  Santee  Experi- 
mental Forest  (Lotti  1956a). 

wind,  (2)  burn  with  a  light  wind  when  and  where  control  is  assured, 
and  (3)  burn  over  strips  progressively  with  controlled  headfires. 

The  use  of  fire  in  midrotation  stand  improvement  is  most  effec- 
tive, and  less  necessary,  where  its  applications  for  the  other  purposes 
(phases  1  and  3  above)  have  been  most  successful.  Indeed  in  those 
situations  where,  in  response  to  a  burn  at  harvest  time,  pine  repro- 
duction is  prompt,  highly  satisfactory,  and  readily  protected,  the 
use  of  fire  in  immature  timber  (i.e.,  during  its  sapling  and  pole 
stages  of  development)  is  not  necessary. 

Response  to  release 

Sale  of  poor  pines  from  well-stocked  spots  in  immature  timber 
stands  serves  to  release  the  better  ones  for  more  rapid  growth  and 
to  increase  the  value  of  the  final  harvest,  Also  the  capacity  of  lob- 
lolly pine  of  all  sizes  to  respond  to  release  usually,  though  not  al- 
ways, makes  even  the  noncommercial  early  removal  of  competing 
hardwoods  a  profitable  operation.  The  release  of  chosen  crop  trees, 
and  the  improvement  of  species  composition  can  be  a  combined 
measure,  but  it  need  not  be  so  precisely  timed  in  immature  timber 
as  in  seedling  stands.    The  need  for  crop-tree  release  extends  over 
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a  much  longer  period ;  several  light  cuttings  are  better  than  a  single 
heavy  one,  if  the  possibility  of  a  reduced  volume  in  the  final  harvest 
is  to  be  avoided. 

Loblolly  pine  rarely  succumbs  to  sudden  exposure ;  all  reserved 
trees  that  survive  tend  to  benefit  from  release.  For  instance,  diam- 
eter classes  5  to  8  inches  inclusive  can  make  over  100  percent 
improvement  in  growth  (fig.  73)  (Bull  1939b).  Where  little  trees 
are  abundant,  a  smaller  percentage  of  them  may  Hat  through  the  re- 
lease operation,  but  the  survivors  among  them  often  respond  best 
of  all  to  improvement  measures,  and  then,  through  ingrowth,  swell 
the  ranks  of  sapling  stands  (table  34"). 

Table  34. — Pine  sapling  stand  near  Crossett,  Ark.,  before  and  7  years  after 
liberation  by  three  different  degrees  of  release  (Slann  1949) 


Degree  of  release  and  d.b.h.  class  of  pines    Pines  per  acre  before    Pines  per  acre  7  years 
Cinches)  removal  of  hardwoods  after  hardwoods  were  cut 


Number 

Number 

Hardwoods  6  inches  d.b.h. 

and  larger 

removed : 

2 

9 

113 

3  

15 

47 

4   

12 

4 

5  

13 

16 

6+  

47 

69 

Hardwoods  2  inches  d.b.h. 

and  larger 

removed : 

2  

17 

129 

3  

13 

74 

4  

9 

59 

5  

11 

8 

6+  

41 

77 

Hardwood  5  feet  high  and 

over  removed : 

2  

28 

242 

3  

21 

94 

4  

15 

78 

5  

15 

55 

6+  

46 

74 

In  the  first  5  years  an  improved  stand  may  be  expected  to  grow 
in  diameter  at  a  faster  rate,  but  add  less  wood,  than  a  comparable 
untreated  stand.  In  the  second  5  years,  however,  the  improved 
stand  should  not  only  increase  its  lead  in  rate  of  diameter  growth, 
but  also  attain  superiority  in  volume  growth  per  acre  (Bull  1944). 
In  one  instance  the  yield  per  acre  was  increased  by  1%  cords  per 
man-hour  invested  in  girdling  the  undesirable  trees.  In  most  local- 
ities this  extra  volume  would  be  worth  from  2  to  5  times  the  cost  of 
the  girdling  that  made  it  possible  (Bull  1945). 

Inordinate  delay  readily  may  cancel  out  these  benefits,  however. 
Both  improvement  cutting  that  is  started  late  (after  40  years  of  age) 
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SAPLING    DIAMETER    BEFORE    RELEASE  (INCHES) 


Figure  73.— Loblolly  pine  response  to  liberation  by  removal  of  high  level  conroe- 
tition  in  Louisiana  (Bull  1939b). 

and  partial  harvests  that  are  not  an  integral  part  of  silviculture  can 
be  rather  unsatisfactory  Chaiken  1941).  Where  stands  of  imma- 
ture loblolly  pine  are  dense  thinning  should  be  started  early. 

THINNING 

Is  thinning  necessary/ 

Obviously,  by  natural  or  artificial  means,  thinnings  are  inescap- 
able because  large  loblolly  pines  occupy  more  space  exclusively  than 
do  small  ones.  However,  dense  stands  thin  themselves  naturally 
only  after  suffering  considerable  retardation  of  growth. 

Silvicultural  thinnings  are  designed  to  reduce  density  and  in- 
crease rates  of  growth  in  overstocked  portions  of  pure  even-aged 
young  stands  of  pine.  They  are  less  necessary  in  alleged  stands 
and  in  mixed  stands  that  have  been  reduced  in  density  by  means  of 
improvement  cuttings.  In  rough  stands  on  poor  sixes  and  where 
only  small  products  are  to  be  grown  under  nonintensive  practice 
for  a  limited  market,  artificial  thinning  may  be  inadvisable  Up  to 
30  or  35  years  unthinned  stands  of  loblolly  pine  almost  invariably 
produce  more  wood  than  do  thinned  stands  Wheeler  1952) 
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In  young,  even-aged,  and  closely  spaced  pure  stands  of  loblolly 
pine  « table  25.  chapter  6.  Growth  and  Yield  .  or  mixed  loblolly  and 
shortleaf  pines,  some  silvienltural  reduction  of  the  stand  is  essential 
to  proper  development  of  crop  trees.  Very  heavy  thinning  indnees 
much  less  epicormic  sprouting — i.e..  ' 'feathering  out*"  on  the  upper 
bole — in  loblolly  than  in  the  shortleaf  pine.  Without  artificial  thin- 
ning, natural  thinning  is  inevitable  but  unsatisfactory.  Among  pole- 
sized  trees  it  starts  late,  progresses  slowly  and  irregularly,  and  wastes 
much  raw  material.  In  longleaf  pine  marked  crown  differentiation  re- 
sults in  an  early  expression  of  dominance  in  sapling  stands,  and  less 
need  for  thinning  in  pole-sized  stands.  Even-age  stands  of  loblolly 
pine  are  more  uniform  and  therefore  more  subject  to  reduction  in 
diameter  (not  necessarily  volume )  growth  before  the  natural  thin- 
ning process  can  relieve  the  congestion.  In  pure  heavily  stocked  lob- 
lolly pine  stands,  many  of  which  are  plantations,  thinning  is  a 
cultural  operation  of  prime  importance  Muntz  19ISa.  AVilliston  1950. 
Mann  1952d  and  e.  Chapman  1953.  and  Guttenberg  1954). 

Benefits  from  thinning 

Silvienltural  thinnings  increase  yields  of  loblolly  pine  products 
not  by  any  increase  in  gross  production  of  wood  per  acre,  but  through 
additions  to  the  net  merchantable  volumes  that  can  be  harvested  in 
any  rotation  period.  Or  if  an  earlier,  rather  than  a  larger,  harvest 
is  desired,  accelerated  growth  on  selected  trees  can  provide  for  it. 
Rotation  periods  can.  in  this  manner,  be  shortened  somewhat  without 
reducing  the  volume  of  the  harvest.  An  adverse  side  effect  from 
this  procedure  may  be  some  reduction  in  the  quality  of  the  harvest 
where  short -rotation  products  other  than  pulpwood  and  rough  saw 
logs  are  desired.  The  final  yield  from  a  short  rotation  may,  of 
course,  also  be  lowered  if  the  thinnings  are  heavy  or  frequent  enough 
to  prevent  using  the  soil  to  its  full  capacity. 

YVhen  stands  are  thinned  the  surplus  trees  are  cut  or  destroyed 
in  order  to  transfer  their  growth  to  a  limited  number  of  crop  trees 
of  greater  potential  value.  This  operation  is  usually  deferred  until 
the  trees  removed  can  be  used  or  sold.  In  that  way  thinnings  re- 
cover existing  values  in  trees  which  would  not  be  salvaged  if  they 
were  permitted  to  die  naturally.  Thinnings  serve  best  not  only  to 
preclude  mortality,  but  also  to  anticipate  rather  than  to  relieve  serious 
competition.  The  opposite  is  true  only  where  trees  with  long  clear 
boles  are  to  be  produced  for  poles  or  piling  without  artificial  prun- 
ing.   In  any  event  thinnings  are  more  likely  to  prove  successful  if 
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made  from  the  standpoint  of  the  trees  to  be  left  rather  than  of  the 
trees  to  be  cut. 

Noncommercial  and  nonselective  thinning  is  appropriate  only 
where  extremely  dense  even-aged  thickets  of  loblolly  pine  saplings 
may  fail  to  express  dominance  if  left  untreated,  and  where  the  opera- 
tion may  well  be  made  mechanical  or  economically  mechanized.  One 
company  has  utilized  road-grader  blades,  veneer  knives,  or  giant 
stalk  cutters  pulled  by  a  tractor  to  clear  swaths  through  stagnant 
stands  of  overcrowded  seedlings  (Ryan  1952).  Normally  this  is 
unnecessary,  and  thinning  is  deferred  until  the  inherent  superiority 
of  certain  trees  is  manifest,  and  enough  of  the  others  are  sufficiently 
large  to  be  sold  to  cover  the  cost  of  removing  them. 

Commercial  thinnings  provide  early  returns,  and.  by  speeding 
growth,  hasten  subsequent  returns,  thus  helping  to  defray  interest 
charges,  if  any.  on  the  cost  of  establishing  a  stand  of  pure  loblolly 
pine  Livingston  195(3  .  They  do  this  through  providing  salvage  of. 
and  income  from,  the  poorer  trees,  and  selection  of.  and  additional 
space  for.  the  better  trees  (Bruner  1938).  Single  thinnings  are 
seldom  advisable  unless  currently  profitable.  A  series  of  several 
thinnings  can  be  effective  to  enhance  the  quality  of  the  crop  when 
growing  sawtimber.  or  other  large  products,  on  relatively  long  rota- 
tions. 

Time  and  intensity  of  thinning 

Thinnings  usually  can  commence  as  soon  as  the  inferior  trees 
can  be  used  or  sold,  and  repeated  whenever  the  better  trees  can 
again  benefit.  The  exact  time  to  begin,  and  the  intervals  between 
thinning,  however,  are  dependent  on  how  local  marketing  oppor- 
tunities can  be  used  to  further  the  wishes  and  plans  of  the  owner  in 
producing  specific  products.  In  uniform  stands  on  good  sites  where 
wood  products,  especially  those  of  large  size,  are  to  be  grown  under 
intensive  practice  for  an  active  market,  thinning  is  needed  sooner 
or  later  to  anticipate  stand  congestion.  For  high-quality  saw  logs  it 
may  commence  late,  but  once  started  it  should  enter  the  canopv 
lightly  from  below  at  rather  frequent  intervals.  In  moderate  thin- 
ning there  is  much  latitude  in  choosing  a  program  to  fit  local  needs 
and  take  advantage  of  current  prices. 

The  earliest  time  for  a  first  thinning  is  at  the  aee  of  12  to  15 
years  on  reasonably  good  sites  with  1.S00  or  more  trees  per  acre 
The  first  thinning  is  needed  to  keep  green  crowns  from  netting  too 
short  and  to  permit  early  removal  of  the  more  heavily  branched 


324 


LOBLOLLY  PIXE 


THINNED    !  1  UNTHINNED  | 


i3E  S=iCS3  -EE" 

Figube  74. — For  maximum  volume  growth,  the  dense  stand,  npper  curve  in  A, 
should  have  been  thinned  at  ages  indicated  by  circles,  that  is,  at  17,  22, 
27.  and  32  years,  reducing  it  each  time  to  approximately  the  stand  in- 
dicated on  the  curve  marked  ideal.  In  both  the  thinned  stands,  B.  and 
the  unthinned  stands,  C,  crown  ratios  increased  in  5  years  as  shown  by  the 
interval  between  upper  and  lower  curves  (Chapman  1942b,  table  15). 

trees.  Such  thinning  allows  surrounding  codoruinant  and  sub- 
dominant  trees  to  take  over  the  openings  created. 

The  latest  time  for  a  first  thinning  is  when  merchantable  trees 
begin  to  die  in  volttnies  worth  salvaging — as  for  example  where  there 
is  a  prospective  loss  of  2  or  3  cords  of  pttlpwood  per  acre  during  the 
next  5  years  Bttll  1950b  .  This  time  may  come  sooner  on  good  sites 
than  on  poor  ones,  and  possibly  sooner  in  the  gnlf  states  than  on  the 
Atlantic  seaboard.  Likewise  where  growth  is  rapid  for  any  reason 
the  interval  between  thinnings  can  be  shorter  and  the  resttlts  better 
Simmons  and  Sehnttr  1937  *. 

To  keep  the  rate  of  growth  in  basal  area  from  declining  too  rapidly 
it  is  suggested  Morriss  195 S  that  thinnings  should  keep  stand 
density  below  80  percent  of  normal.  On  this  assumption,  and  if 
the  annual  rate  of  approach  toward  normal  can  be  estimated  (  fig.  56. 
chapter  6.  Growth  and  Yield',  the  proper  time  to  start  thinning  may 
be  approximated  on  that  basis.  For  example,  if  an  15-year-old 
stand  is  71  percent  stocked,  and  is  approaching  SO  percent  at  the  rate 
of  2  percent  annually,  then  thinning  should  start  in  3  years.  Lob- 
lolly pines  in  well-stocked  stands  may  be  thinned  1  to  10  times  at 
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Figure  75.— Periodic  annual  growth  of  loblolly  pine  in  Louisiana,  as  measured 
in  current  5-year  periods,  in  relation  to  live  crown  ratio  (A)  at  Wood- 
worth  (Maim  1954a),  and  basal  areas  (B  >  left  after  four  methods  of  thin- 
ning (Mann  1952d  and  1952e). 

intervals  of  3  to  7  (often  5)  rears  without  too  much  reduction  in 
the  number  of  saw-log  trees  needed  for  an  effective  final  series  of 
regeneration  cuttings. 

In  a  series  of  thinnings  frequent  cuttings  should  be  light ;  infre- 
quent ones  heavy.  If  too  light,  little  is  accomplished  for  a'  stand, 
but  the  error  is  readily  corrected  in  subsequent  cutting.  If  too 
heavy,  individual  trees  respond  well  and  the  stand  is  restored  in 
time.  Moderate  thinning  maintains  or  increases  net  yield  through 
salvage  and  improves  quality  of  product  through  selection  (fig.  74). 
Stands  should  be  thinned  early  if  necessary  to  keep  crowns  from  be- 
coming too  short  for  good  individual  tree  growth,  yet  moderately  to 
retain  enough  trees  and  basal  area  for  good  per-acre  growth  (fig.  75). 

Overcutting  in  immature  timber  stands  tends  to  reduce  quantity 
of  yield  when  it  comes  late,  and  it  commonly  reduces  quality  of  the 
yield  when  it  occurs  early  in  the  rotation.  It  is  now  realized  that, 
within  certain  rather  wide  limits  of  growing  stock,  satisfactory  yields 
of  pine  can  be  obtained  from  most  sites.  Without  planting  and  with 
only  50  percent  of  full  stocking  at  the  start  it  may  be  possible  to 
produce  95  percent  of  the  maximum  possible  current  annual  incre- 
ment.1™ Working  with  loblolly  pine.  McClay  (1953d)  found  that 
m  thinning  from  below  the  heavier  cuts  returned  greater  total  yields, 
m  a  decade  during  which  both  pulpwood  and  saw  logs  were  taken, 

100  This  has  been  the  experience  in  the  Crossett  Experimental  Forest  and  has 
been  reported  also  from  extensive  experience  with  thinning  in  Denmark  (Moller 
19o4)  where  the  initial  volume  of  a  stand  may  be  completely  removed,  and  its 
equivalent  fulb-  restored,  in  a  period  of  20  years  of  good  management.  The 
concept  of  full  stocking-  is  explained  in  the  section  -Equilibrium  density 
versus  desirable  stocking"  in  chapter  6,  Growth  and  Yield. 
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than  did  moderate  thinning.  However,  where  uniformly  high-qual- 
ity wood  is  a  consideration,  early  crown  closure  should  be  followed 
by  only  enough  thinning  to  keep  about  one-third  of  tree  length  in 
live  crown  (Paul  1952). 

While  thinning  ordinarily  is  used  only  in  even-aged  stands,  it 
may  also  be  needed  in  group  selection  or  other  uneven-aged  systems 
where  overdense  groups  of  pines  occur.  In  using  the  selection  sys- 
tem (Reynolds  1950a)  loblolly  pine  saplings  may  be  left  in  crowded 
groups  20  to  30  years,  or  until  pruned  naturally  to  the  desired  length. 
One  16-foot  log  length  may  be  clear  by  the  time  the  trees  are  3  or  4 
inches  in  d.b.h.  (Paul  1932b). /As  soon  as  merchantable  trees  are 
available  the  stand  can  be  thinned  to  reserve  the  best  clear-stemmed 
codominant  trees  and  to  permit  them  to  expand  their  crowns  for 
rapid  growth/) 

Products  from  thinning 

Loblolly  pine  thinnings  supply  raw  material  for  three  principal 
commercial  products:  posts,  pulpwood,  and  saw  logs.  They  can  be 
made  available  in  that  order  as  developing  young  stands  are  thinned. 

Good  fence  posts  can  be  made  from  trees  too  small  for  pulpwood, 
if  they  can  be  treated  against  decay  (Cummings  1952b).  A  tenfold 
increase  in  preservative  treatment  for  fence  posts  in  the  past  30 
years  has  enlarged  the  market  for  pine  thinnings  (Osborne  1955). 
As  many  as  1,000  posts  per  acre  have  been  thinned  out  of  some  10- 
to  20-year-old  stands  (Barker  1953).  More  often  400  to  600  posts 
are  obtained  from  stands  averaging  4  inches  in  diameter  when  first 
thinned.  The  remaining  trees  should  average  6  inches  in  d.b.h.  5 
years  later.  Then  they  can  be  thinned  again  to  yield  3  to  6  cords 
of  pulpwood  per  acre  (Cummings  and  Thurmand  1952).  In  one 
instance  where  planted  loblolly  pines  had  been  spaced  4  by  7  feet 
on  claypan  soil  they  were  thinned  at  13  years  to  yield  296  fence  posts 
per  acre,  180  mine  props,  and  3.9  cords  of  wood,  and  to  leave  81 
square  feet  of  basal  area,  or  362  cubic  feet,  of  growing  stock  (Minckler 
and  Deitschman  1949  and  1953b).  With  or  without  thinning  the 
net  volume  growth  per  acre  annually  in  the  next  4  years  was  the 
same  (161  cubic  feet),  but  less  of  this  growth  could  be  harvested 
from  the  unthinned  stand  where  it  was  placed  on  many  inferior 
stems  not  expected  to  live  (Minckler  1953b).  Largely  pulpwood, 
poles,  and  some  saw  logs  are  the  products  from  later  thinnings.101 

101  In  the  past  most  of  our  pine  poles  were  harvested  from  slow-growing 
subdominant  remnants  from  earlier  stands,  but  now  thinning  operations  in  20- 
to  35-year-old  timber  are  beginning  to  supply  them.  Over  twice  the  stumpage 
return  now  available  from  pulpwood  can  be  had  from  trees  that  will  make  20- 
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Thinning  extends  the  financial  maturity  of  many  intermediate 
trees  by  increasing  their  rate  of  growth  and  their  potential  value  for 
some  higher  priced  product.  A  pulp  tree  that,  because  of  poor  form 
or  low  capacity  for  growth,  will  not  make  saw  logs  in  the  next  cycle 
is  more  nearly  mature  than  one  that  will.102 

Recommendations  for  thinning103 

Where  stems  are  fairly  well  distributed  on  the -ground  young  lob- 
lolly pine  stands  develop  much  more  rapidly  when  half  stocked 
than  when  stocked  to  full  equilibrium  density.  Simple  approximations 
may  be  useful  in  deciding  where  and  how  much  to  thin  crowded 
stands.  Number  of  stems  of  a  given  size  or  age  on  a  sample  area 
(0.1  or  0.01  acre  I  may  be  counted  as  a  guide.  For  example  6  sap- 
lings per  21-foot  square  indicates  about  600  per  acre.  Another  rule 
applicable  to  somewhat  larger  trees  indicates  that  the  space  to  be  left 
between  crowns  of  any  two  crop  trees  should  equal  one-half  the 
sum  of  their  crown  width.  Stands  fully  stocked  at  about  20  years 
of  age  may  be  thinned  using  certain  rules  of  thumb  that  place  them 
m  condition  to  grow  rapidly  on  the  poorer  sites  with  about  three- 
quarters  of  the  growing  stock  shown  in  table  25  (chapter  6),  or  on 
good  sites  with  about  half  of  the  stock  shown  in  table  25.  These  most 
popular  rules  are  based  on  stem  diameters  merely  because  they  are 
so  easily  seen  and  estimated. 

Because  d.b.h.  and  crown  width  themselves  reflect  the  crowding 
of  trees,  they  are  theoretically  inferior  to  height  as  an  indication  of 
how  much  additional  ground  space  a  tree  can  use  (fig.  76,  B).  As 
a  criterion  of  space  needed,  height  has  the  advantage  of  reflecting 
differences  in  both  age  and  site  quality,  but  it  has  the  disadvantage 
of  being  difficult  to  see  and  to  approximate  in  marking  trees  for 
thinning. 

The  need  for  thinning  (fig.  76,  A  or  B)  may  be  checked  against 
the  rules  of  thumb  |  fig.  77  I .  Although  no  single  one  of  the  rules  is 
best  for  all  conditions,  they  are  in  fair  agreement  for  the  size  of 

to  30-foot  poles,  while  those  larger  trees  that  qualify  yield  about  35  percent 
more  stumpage  as  poles  than  as  saw  logs.  The  use  of  artificial  pruning  to 
grow  such  trees  more  rapidly  in  thinned  stands  still  has  to  be  developed. 

-  A  tree  or  stand  is  financially  mature  when  it  will  no  longer  increase  in 
value  fast  enough  to  earn  a  satisfactory  rate  of  interest.  The  application  of 
this  concept  m  thinning  is  limited  because  in  dense  stands  the  capacitv  for 
growth  is  so  readily  shifted  from  the  cut  to  the  reserved  trees.  It  becomes  use- 
ful mainly  m  later  selections  between  the  larger  crop  trees  under  uneven-aged 
management,  and  in  judging  the  maturity  of  entire  even-aged  stands. 

103  Space  requirements  for  loblolly  pines  are  discussed  in  the  section  "Rules 
of  thumb  for  desirable  spacing"  in  chapter  6,  Growth  and  Yield  For  full 
stocking  see  table  25  in  chapter  6. 


328 


LOBLOLLY  PIXE 


140 


120 


100 


80 


60 


40 


2  0 


SATISFACTORY 


A 


THIN 


HEAVILY 
MODERATELY 
LIGHTLY 


RESERVE 


UNDERSTOCKED 
i         I  I  


6  8 

D.B.Hi  (INCHES) 


10 


140 


20 


100 


80 


60 


40 


20 


SATISFACTORY 


AVERAGE 
SPACING 
(FEET) 


THIN 

HEAVILY 
MODERATELY 
LIGHTLY 


j^RESERVE 


B 


0  30 


UNDERSTOCKED 

J  I  I  L 


40  50 
HEIGHT  (FEET) 


60 


10 
I  I 

I  2 
14 


10 
I  I 
12 
14 


Figure  76.— The  need  for  and  severity  of  the  first  commercial  thinning  from 
below  in  pine  plantations  may  be  judged  (on  tenth-acre  samples')  by  stand 
density  in  relation  to  (A)  tree  diameter  or  (B)  height  of  crop  trees. 
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trees  usually  reserved  in  thinning.    For  instance,  neighboring  7-  and 
9-inch  trees  should  be  14  feet  apart  according  to  either  the  D  +  6  or 
1.75  D  rule,  and  if  the  average  d.b.h.  is  8,  some  229  trees  per  acre 
(spacing  13.8  feet)  will  have  the  80  square  feet  of  basal  area  com- 
monly desired.    Where  the  constants  in  these  rules  are  additive,  the 
slope  of  the  parallel  curves  resembles  that  of  the  normal  (fig.  77 
upper  curve  )  approximating  the  biological  maximum,  whereas"  with 
the  multiplier  1.75  the  slope  is  steeper,  providing  for  relatively  more 
of  the  smaller  trees.    Early  freedom  from  crowding  is  advantageous 
in  growing  pulpwood.  fence  posts,  or  rough  low-grade  saw  logs"  For 
high-grade  veneer  or  saw  logs,  or  for  poles  and  piling,  the  small  trees 
can  benefit  from  more  crowding.    Note  that  the  20-year-old  well- 
stocked  stands  of  5- to  10-inch  saplings  and  "poles"  in  table  25 
(chapter  6.  Growth  and  Yield-  are  spaced  at  more  nearly  1.45  D  or 
D  -f-  3,  instead  of  1.75  D  or  D  —  6. 

All  such  rules  are  merely  roughly  suggestive  guides  to  thinnin^ 
practice.  While  they  serve  field  men  well  in  gaging  the  proper  de°- 
gree  of  thinning,  they  do  not  help  In  designating  the  trees  I  Averell 
1945).  Xo  mechanical  method  of  selection  is  appropriate  bevond  the 
sapling  stage.  When  differences  in  rates  of  growth  and 'in  stem 
quality  appear  they  deserve  recognition  in  choosing  trees  to  retain 
In  natural  stands,  when  thinning  clusters  of  trees  with  no  others 
within  about  30  feet.  8  or  10  of  them  may  well  stand  closer  together 
than  any  rule  specifies.  Current  thinning  practice  commonly  leaves 
the  basal  area  about  57  percent  normal  (Morriss  1958).  In  closely 
spaced  plantations  it  has  been  suggested  Muntz  1948a)  that  the  first 
thinning  cut  one  row  of  trees  clear  every  2  chains  to  serve  as  an 
access  road  for  subsequent  cultural  measures. 

A  true  thinning,  however,  should  have  better  coverage  and  its 
type  can  be  as  important  as  its  degree.  The  release  of  all  dominant 
trees  by  cutting  all  interfering  codominants  regardless  of  qnality 
may  result  m  maximum  volume  growth,  but  not  in  maximum  profit 
lor  the  codominants  commonly  make  superior  saw-loo-  trees  In 
growing  valuable  products  particularly,  space  arrangement  should 
seldom  interfere  with  quality  selection.  Recommendations  for 
ning  loblolly  pine  -  Bull  1934a    are  shown  in  table  35. 

PRUNING 

Veneer  bolts  or  saw  logs  from  pines"OTifieiallv  pruned  in  the 
small-pole  stage  are  definitely  0f  superior  quality.  When  saw  logs 
±rom  pruned  trees  are  abundant  enough  to  demonstrate  their  supe- 
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Table  35. — Recommended  thinning  practice  for  first  thin'nings  (Bull  1934a) 


Stands  in  which  dominant  Stands  in  which  dominant 

trees  are  clear  or  have  dead  trees  are  clear  or  have  deai 

Assumed  market  condition  and  branches  only  for  an  average  branches  only  for  an  average 
wishes  and  plans  of  owner         length  of  34-  feet  or  more  length  of  about  17  feet 

(i.e.,  at  least  two  logs)1  (i.e.,  one  log)1 


A. — Assuming  there  is  a 
market  for  pulpwood  or 
other  small  material,  or  the 
trees  can  be  used  to  ad- 
vantage for  firewood,  etc.: 
Sawtimber  alone  is 
desired  and  as  soon 
as  possible. 


Sawtimber  alone  is 
desired,  but  max- 
imum volume  and 
highest  quality 
are  preferred  to  an 
early  return. 


Both  sawtimber  and 
pulpwood  are  de- 
sired, and  even 
relatively  small 
quantities  of  each 
are  salable. 


Leave  best  100-140  trees 
per  acre  (average  spac- 
ing 18-21  feet)  ;  cut 
nearly  everything  else, 
except  small  trees  in 
openings.  In  general, 
leave  all  trees  5  inches 
d.b.h.  or  less  when  they 
are  not  directly  inter- 
fering with  the  crown 
development  of  the  best 
or  crop  trees. 
Leave  best  160-200  trees 
per  acre  (average  spac- 
ing 15-17  feet) ;  cut- 
nearly  everything  else, 
except  small  trees  in 
openings.  In  general, 
leave  all  trees  5  inches 
d.b.h.  or  less  when  not 
directly  interfering 
with  crown  development 
of  the  best  or  crop  trees. 
Confine  thinning  to  re- 
moving trees  directly 
interfering  with  the 
best  150-200  trees  per 
acre  (average  spacing 
15-17  feet)  or  do  not 
thin. 


Pulpwood  alone  is 

desired  and  a  more  or 
less  continuous  sus- 
tained yield  is  to  be 
achieved. 


Leave  best  30-80  trees  per 

acre  (average  spacing 

23-38  feet) ;  cut  nearly 

everything  else,  except 

small  trees  in  openings. 

In  general,  leave  all 

trees  5  inches  d.b.h.  or 

less  when  they  are  not 

directly  interfering 

with  the  crown  develop- 
ment of  the  best  or 

crop  trees. 
Leave  best  80-120  trees 

per  acre  (average  spac- 
ing 19-23  feet) ;  cut 

nearly  everything  else, 

except  small  trees  in 

openings.  In  general, 

leave  all  trees  5  inches 

d.b.h.  or  less  when  not 

directly  interfering 

with  crown  development 

of  the  best  or  crop  trees. 
Leave  best  30-80  trees 

per  acre  (average  spac- 
ing 23-38  feet)  for  saw- 
timber. These  trees 

should  be  clean,  straight 

sound,  and  give  promise 

of  producing  at  least 

one  No.  1  saw  log. 

Leave  all  sound  trees 

less  than  6  inches  d.b.h. 

that  are  likely  to  live 

until  the  next  cutting. 

Cut  all  trees  6  inches 

d.b.h.  and  larger  that 

will  never  produce  at 

least  one  No.  1  saw  log. 

(1)  In  stands  averaging  11  inches  or  more  in  d.b.h., 
leave  all  sound  trees  under  9  inches  in  d.b.h.  and 
also  leave  one  10-inch  or  better  tree  per  quarter 
acre  as  a  seed  tree  (average  spacing  105  feet) . 

(2)  In  stands  averaging  about  8  inches  in  d.b.h.,  leave 
about  200  sound  6-  to  9-inch  trees  per  acre  (average 
spacing  15  feet)  and  all  sound  trees  5  inches  in  d.b.h. 
or  less  that  are  likely  to  remain  alive  until  the  next 
cutting. 

(3)  In  stands  averaging  5  inches  in  d.b.h.  or  less  no 
thinning  is  recommended.  Wait  until  pulpwood  can 
be  removed.  If,  however,  there  are  a  number  of 
trees  6  inches  and  more  in  d.b.h.,  these  should  be 
thinned  out. 
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Assumed  market  condition  and 
wishes  and  plans  of  owner 


Stands  in  which  dominant  Stands  in  which  dominant 

trees  are  clear  or  have  dead  trees  are  clear  or  have  dead 

branches  only  for  an  average  branches  only  for  an  average 

length  of  3 %  feet  or  more  length  of  about  17  feet 

(i.e.,  at  least  two  logs)1  (i.e.,  one  log)1 


B.  — Assuming  there  is  no 
market  or  use  at  all  for  the 
thinned  material,  but  a 
reasonable  hope  for  a  future 
market  for  small  material 
within  about  10  years. 

C.  — Assuming  no  market  or  use 
for  the  thinned  material  and 
no  hope  for  a  market  within 
about  10  years: 

Sawtimber  alone  is 
desired  and  as  soon 
as  possible. 

Sawtimber  alone  is 

desired,  but  maximum 
volume  and  highest 
quality  are  preferred 
to  an  early  return. 

Pulpwood  alone  is  de- 
sired, and  a  more  or 
less  continuous  sus- 
tained yield  is  to  be 
achieved. 


Xo  immediate  thinnings  are  recommended.  Wait  for  a 
market  or  use  for  the  cut  material  to  develop,  and 
then  thin  according  to  part  A  above. 


Leave  only  best  30-50 
trees  per  acre  ('average 
spacing  23-3S  feet  or 
make  no  thinning  at  all. 
Leave  only  best  80-120 
trees  per  acre  i  average 
spacing  19-23  feet  or 
make  no  thinning  at  all. 

Xo  thinning  is  recom- 
mended. Wait  for 
market  to  develop. 


Leave  only  best  100-140 
trees  per  acre  'average 
spacing  18-21  feet )  or 
make  no  thinning  at  all. 

Leave  only  best  160-200 
trees  per  acre  average 
spacing  15-17  feet  I  or 
make  no  thinning  at  all. 

Xo  thinning  is  recom- 
mended. Wait  for 
market  to  develoD. 


1  For  intermediate  conditions,  assume  intermediate  or  compromise  recommendations. 

rior  quality  they  will  undoubtedly  command  a  commensurate  price.104 
So  far  few  loblolly  pines  have  been  artificially  pruned  in  deliberate 
attempts  to  grow  poles. 

The  abundance  of  clear  wood  in  virgin  forests  was  due  largely 
to  early  suppression  and  to  the  advanced  age  and  large  size  of  the 
trees.  In  second-growth  loblolly  pine  certain  insects.  Pity qphthor us 
spp.,  occasionally  breed  in  the  lower  branches  dying  slowly  from 
shading  and  thus  hasten  the  process  of  natural  pruning  -  Blacknian 
1922).  Such  pruning  may  be  furthered  or  retarded  by  fires.  The 
death  of  the  lower  limbs  of  saplings  may  be  hastened  by  the  heat 
killing  of  foliage  and  buds,  but  fires  that  kill  trees  may  open  stands 
so  that  the  survivors  become  unusually  limby.  In  old-field  pine  tim- 
ber and  in  some  plantations  the  trees  are  often  knotty  even  when 
the  stand  is  fairly  dense.  Pine  stands  with  a  rather  uniform,  though 
104  There  is  unfortunately  no  visible  external  evidence  of  the  depth  of  the 
outer  shell  of  clear  wood.  If  it  is  not  more  than  2  inches  deep,  or  the  thickness 
of  slabs,  it  is  probably  not  worth  what  it  cost.  The  relativelv  small  number  of 
timberland  owners  who  operate  a  sawmill  can  obviouskr  benefit  from  earlv 
artifieial  pruning  of  pines,  but  for  a  purchaser  their  superiorly  must  be  certi- 
fied or  conclusively  demonstrated  before  the  owner  can  expect  to  *ell  logs  at 
premium  prices. 
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Figure  77. — Comparison  of  various  spacing  rules  of  thumb  based  on  average 
diameter  of  crop  trees.  The  zone  between  the  lines  for  D  +  5  and  D  +  6, 
or  the  1.75  D  rule  for  6-  to  8-inch  trees,  is  considered  satisfactory  stock- 
ing.   The  X's  represent  a  stand  of  80  square  feet  of  basal  area. 
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subordinate,  hardwood  component  shed  their  lower  limbs  more  quickly 
and  get  an  earlier  start  in  forming  clear  wood.  In  a  mixed  forest 
the  heavy  shade  of  broad-leaved  species  maintains  a  relatively  high 
moisture  content  in  the  air  and  in  dead  limbs,  and  thus  promotes 
decay  and  early  shedding  of  the  branches  of  associated  pines. 

In  brief,  mixed  stands,  dense  stands,  and  possibly  judicious  use 
of  fire,  favor  natural  priming  in  loblolly  as  in  other  pine  species 
Artificial  pruning  attempts  to  get  the  same  or  increased  benefits 
without  the  disadvantages— growth  on  undesirable  stand  compo- 
nents, and  retarded  diameter  growth— inherent  wherever  the  main 
reliance  is  upon  natural  pruning. 

Reduction  of  branches  and  branch  knots 

The  value  of  pine  lumber  is  determined  primarily  by  the  number, 
size,  and  character  of  the  knots.    Lumber  of  the  highest  grade  may 
be  worth  2  to  5  times  as  much  as  that  from  the  lowest  grade  j  Mann 
1951d).  The  average  number  of  knots  found  in  the  first  20  feet  above 
the  stump  in  loblolly  pine  is  70  as  against  110  in  shortleaf  pine. 
However,  the  loblolly  pine  knots  are  a  little  larger,  ranging  up  to 
2.0  inches  and  averaging  OA  inch  in  diameter;  shortleaf  pine  knots 
range  up  to  1.7  and  average  0.3  inch.    The  number  of  vears  that 
dead  branches  or  stubs  persist  to  produce  encased  or  loose  knots  has 
been  placed  at  7  or  8  for  loblolly  and  12  for  shortleaf  (Paul  1938a 
and  1938c),  but  preliminary  results  from  current  studies  indicate 
a  somewhat  longer  average  period.    The  innermost  knots  in  a  well- 
pruned  tree  are  small,  tight  knots  formed  from  branches  that  were 
living  at  the  time  they  were  severed.    In  unpruned  trees  such  knot* 
join  short  loose  or  -black'"  knots  formed  from  dead  wood  elose  to 
or  under,  the  bark  where  the  limbs  died  -fig.  78.  A). Mann  (1951d) 
estimates  retrievable  board-foot  volumes  from  artificially  pruned 
pines  as  in  table  36. 

Methods,  tools,  and  time  requirements 

Artificial  pruning  should  be  started  early,  that  is.  at  15  vears 
or  when  the  trees  become  about  4  inches  in  d.b.h.  If  priming  starts 
on  1-mch  trees,  two  operations  are  needed  to  clear  the  first  log  { Alarm 
1953b),  but  nearly  twice  as  much  clear  lumber  is  available  from 
lb-meh  trees  as  when  pruning  starts  at  9  inches  I  Mann  1951d,  1953b 

table  37).  AVhen  pruning  is  delayed  too  long,  costs  increase,  proba- 
ble benefits  decrease,  and  fungi  may  attack  the  trees  after  limbs 
containing  heartwood  are  removed.  For  these  reasons,  slow-rowm- 
trees  with  branches  more  than  2  inches  thick  usually  should  not 


334 


LOBLOLLY  PINE 


16  r- 


L 


B 


TIGHT 

"knots 


.LOOSE 

"knots 


CLEAR 

"wood 


PRW 

ed  to: 

> 

~x>   1  \ 

.   X'  \ 

0  2  4  6  8  10 
DIAMETER  (INCHES) 


D.B.Hi  WHEN  PRUNED  (INCHES) 


Figure  78. — Pruning  loblolly  pine:  A,  Quality  zones  in  the  wood  of  the  butt 
log  of  a  52-year-old  tree  (Paul  1938a)  ;  B,  net  estimated  profits  from  stem 
pruning  to  different  heights  on  old-field  trees  of  various  sizes  that  were 
cut  later  when  the  trees  were  16  inches  in  d.b.h.   (Bull  1942). 

Table  36. — Estimated  lumber-grade  yields  from  short  logs  pruned  at  various 
sizes  and  later  harvested  from  16-inch  trees1 


D.b.h.  when  -pruned 
( inches) 


Volume  of  12-foot  butt  logs  cut  when  tree 
reaches  16-inches  d.b.h. 


Clear 


Knotty 


Proportion  clear 


4. 
5. 
6. 
7. 

8. 
9. 
10. 


Board  feet 
94 
90 
86 
68 
56 
48 
40 


Board  feet 
12 
16 
20 
36 
48 
56 
64 


Percent 
89 
85 
81 
65 
54 
46 
38 


1  Assuming  that  1  inch  of  diameter  growth  will  heal  over  all  knots. 

be  pruned.  Fast-growing  young  trees  produce  no  heartwood  even 
in  2-inch  limbs.  However,  pruning  limbs  less  than  1  inch  in  diameter 
from  about  125  selected  crop  trees  per  acre  is  good  practice. 

Axes  are  not  suitable  for  the  flush  cuts  that  bring  maximum  re- 
duction of  knots  and  promote  prompt  healing  without  infection. 
Saws  are  better  than  shears  because  they  cut  more  closely.  A  14- 
inch,  pistol  grip,  cross-cut,  handsaw  with  5  to  8  incurved  teeth  per 
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inch  works  well  up  to  7  or  S  feet.  A  light  12-foot  ladder  facilitates 
pruning  up  to  17  feet  with  such  a  saw.  but  in  experienced  hands  a 
pole  saw  is  taster.  A  preferred  pole  saw  has  a  similar  blade  16  to 
18  inches  long  with  7  teeth  per  inch  cutting  on  the  pull  stroke  only. 
Light  wood  handles  need  to  be  of  different  lengths  from  7  to  13 
feet,  or  longer  according  to  the  height  of  pruning.  How  these  items 
are  related  to  size  of  trees  and  pruning  methods  is  shown  in  table  37. 

The  cost  for  labor  to  prune  to  a  given  height  varies  with  the 
diameter  of  a  tree  and  number  of  branches.  Pruning  the  first  10 
feet  of  4-  to  7-inch  loblolly  pines  cost  about  4  cents  in  1957  ( Williston 
1958a  and  1959). 105  The  study  indicated  that  10  cents  per  tree  in- 
vested in  pruning  at  age  20  can  increase  stumpage  values  at  age  60 
by  $10  per  tree.  This  work  may  be  done  at  any  time  of  year,  al- 
though winter  is  best,  especially  for  small  operations.  Pruning  at 
other  seasons  or  during  severe  drought  may  induce  insect  attacks 
(Mann  1953b  . 

Bates  of  growth,  healing  of  wounds,  and  form  of  stem 

Moderate  pruning  improves  the  quality  of  stems  without  retard- 
ing their  rate  of  growth.  Wounds  from  severed  branches  must  heal 
before  perfectly  straight-grained  wood  can  be  grown.  Wood  needed 
to  cover  over  pruned  knots  is  as  follows  (Mann  1952a  and  1953b)  : 

Knot  Knot  Radial 

size  class  diameter  ( inches  )  growth  ( inches ) 

SmaU   0-1  0.60 

Medium    l.\y2  76 

Large   l%-2  .92 

Thus  on  trees  growing  3  inches  in  10  years  clear  wood  will  start  to 
form  4  years  after  the  small  knots  were  primed,  and  6  years  after 
the  large  ones  were  pruned. 

It  has  been  observed  in  South  Africa  that  the  removal  of  25 
percent  of  a  vigorous  crown  from  a  loblolly  pine  has  no  effect  on 
either  diameter  or  height  growth.  Removal  of  50  percent  slightly 
retards  increases  in  diameter  but  not  in  height.  The  removal  of 
75  percent  significantly  affects  both  diameter  and  height  growth 

10^For  each  tree  pruned  to  10  feet  iu  one  forest  the  gross  working  time 
varied  as  follows: 

T  =  3.7  —  Q.73D  -f  0.06D2  +  0.06X 
where  T  is  time  in  minutes,  B  is  d.b.h.,  and  X  is  number  of  branches  removed 
To  prune  the  first  17  feet  cost  2  or  3  times  as  much  with  the  time  requirement 
as  follows: 

T  =  6.4  —  1.4D  -j-  0.16D-  +  0.09-Y 
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Table  37. — Choice  of  pole  sews  to  prune  loblolly  pine  of  various  sizes  to 
specified  heights  by  each  of  two  methods  ( Garin  1955 ) 


Size  of  be 

st  trees 

Pruning 

Length  of  saw 

Pruning  method 

height 

handle 

Height 

D.b.h. 

Feet 

Feet 

Feet 

Inches 

1-  7 

ii 

2 

15-20 

3-4 

7-12 

7 

25-30 

4-5 

12-17 

13 

35-40 

5-8 

2  step  

1-9* 

2^ 

20-25 

3-5 

9|-17 

13 

35-40 

5-8 

1  Hand-grip  saw  type. 

2  "Meylan"  saw. 


(LuckorT  1949).  Forty  percent  of  the  height  of  an  open-grown  tree 
may  be  primed  without  loss,  but  priming'  two  thirds  of  tree  height 
in  summer,  or  half  of  total  height  in  winter,  reduces  diameter  growth 
somewhat  for  several  years  (McClay  1953e).  Although  severe  crown 
reduction  seldom  alters  height  growth,  it  changes  both  the  rate  and 
the  distribution  of  subsequent  diameter  growth.  The  stem  section 
below  the  crown  loses  some  of  its  taper.  The  smaller  the  living 
crown,  the  more  nearly  cylindrical  the  lower  bole  becomes  (Young 
1948a). 

Recommendations  for  pruning 

Priming  is  most  likely  to  be  profitable  if  it  is  first  applied  to 
small  trees  making  (or  capable  of)  satisfactory  growth  (fig.  79.  B) . 
That  may  mean  pruning  only  6-  to  8-foot  lengths  on  dominant,  co- 
dominant,  or  selected  crop  trees,  on  good  sites  only,  or  on  medium 
sites  where  diameter  growth  can  be  maintained  by  thinning.  How- 
ever, if  only  one  priming  of  the  butt-log  section  is  contemplated, 
it  should  be  deferred  until  the  trees  are  about  35  feet  high.  "When 
trees  are  5  or  more  inches  in  diameter  pruning  may  sometimes  be 
combined  advantageously  with  commercial  thinnings  and  limited  to 
100  or  150  selected  trees  per  acre  (fig.  79.  A).  At  this  stage,  final 
crop  trees  20  to  30  feet  apart  can  be  selected  with  enough  certainty 
to  avoid  the  expense  of  priming  many  trees  that  will  be  removed 
in  preharvest  cuttings. 

In  a  second  operation  5  or  10  years  later,  when  the  stand  is  45 
or  more  feet  high,  pruning  can  be  extended  upward  at  least  another 
half-log  length  if  desired.  If  the  trees  are  to  be  cut  at  16  inches, 
pruning  above  17  feet  is  not  justified,  but  if  20-  or  22-inch  trees  are 
to  be  grown,  pruning  the  more  promising  trees  to  33  feet  might  be 
profitable  (Mann  1951d). 
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jre  79.— A,  Crop  trees  should  be  pruned  not  over  two-thirds  of  total  height, 
nor  over  one-third  of  live-crown  length;  for  best  growth  of  the  pines,  in- 
ferior intervening  trees  should  be  killed  if  they  can  be  cut  or  deadened  at 
reasonable  cost,  B,  Top  end  of  a  12-inch  butt  log  pruned  when  the  tree  was 
6  inches  in  diameter  at  breast  height,  showing  clear  lumber  around  a  4- 
inch  knotty  core  (Mattoon  1942). 
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Briefly  the  essentials  of  good  practice  (Mattoon  1942  are  to 
prune  (1)  young  or  small  selected  trees,  sound,  straight,  thrifty,  and 
evenly  spaced;  (2)  close  to  the  trunk  so  as  to  leave  no  protruding 
stub;  (3)  not  much  more  than  half  the  total  height  of  the  tree,  or 
more  than  the  lower  one-third  of  the  live  crown:  and  (4)  a  second 
time  if  necessary,  perhaps  5  years  later,  to  produce  at  least  one 
clear  16-foot  log.  and.  from  high-quality  tall  timber,  to  get  two  clear 
16-foot  logs. 

Under  this  practice,  and  about  40  years  after  the  first  pruning 
operation.  40  to  90  percent  of  the  butt  log  should  be  lumber  of  the 
highest  value  (fig.  78.  B),  and  an  increase  of  8  to  33  percent  in  "*B 
and  Better"  lumber,  and  over  50  percent  in  net  per -acre  values, 
can  be  anticipated  ( Paul  1931b  .  As  the  scarcity  of  high-value  tim- 
ber in  the  midst  of  an  abundance  of  low-grade  wood  becomes  more 
acute,  the  need  for — and  profit  from — artificial  pruning  will  increase. 

SUMMARY 

In  the  management  of  immature  timber  the  handling  of  mixed 
loblolly  pine-hardwood  forest  presents  many  problems.  The  most 
effective  mixtures  are  those  in  which  the  broad-leaved  trees  occupy 
only  intermediate  or  lower  positions  in  the  crown  canopy.  The 
eradication  of  deciduous  species  is  seldom  possible  at  any  reasonable 
cost,  but  hardwoods  need  to  be  confined  to  subordinate  positions. 
Those  that  sprout  vigorously  and  profusely  need  harsh  treatment 
just  prior  to  regenerating  the  pine.  Where  enough  pines  have  started 
in  pure  stands  there  is  little  need  for  later  release  measures  on  moist 
sites.  On  dry  sites  or  on  shallow  soils  release  may  become  necessary. 
It  is  best  to  avoid  making  large  openings  in  the  canopy  by  destroy- 
ing vegetation  which,  if  left,  would  not  immediately  hamper  prospec- 
tive crop  trees. 

Nevertheless,  early  disposal  is  best  for  all  trees  without  high 
prospective  value.  Inferior  trees  should  be  harvested,  and  the  use- 
less ones  killed.  In  addition  to  weed  species  this  often  includes  some 
open-grown  pine  trees  that  are  growing  fast  but  are  rough  and 
branchy  and  other  pines  that  grow  slowly  or  are  defective.  In  the 
disposal  of  miscellaneous  undersirable  trees,  felling  is  most  time 
consuming,  girdling  intermediate,  and  poisoning  most  expeditious. 
Chemically  treated  trees  show  some  tendency  to  die  sooner,  and 
sprout  less,  than  the  ones  killed  by  some  other  means.  The  extent 
of  oppression  of  crop  trees  or  the  degree  of  release  from  it  are  the 
principal  factors  that  influence  growth  and  survival  of  the  loblolly 
pines  in  a  reserved  stand.    Although  in  improvement  cutting  the 
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primary  purpose  is  to  better  species  composition  and  to  release  pro- 
mising pines,  the  operation  need  not  remove  unmerchantable  material 
exclusively. 

The  disposal  of  surplus  and  inferior  forest  trees  and  shrubs  calls 
for  intelligent  selection  of  the  best  time,  place,  and  method  of  treat- 
ment. Blanket  treatments  utilizing  severe  summer  fires,  heavy  ma- 
chinery, or  both,  rather  than  chemicals  are  most  useful  just  prior 
to  the  regeneration  of  pine  in  even-aged  stands.  Light  burning  is 
properly  selective  only  where  the  hardwoods  to  be  killed  back  are 
less  than  2  inches  in  diameter  and  the  pines  considerably  larger. 
With  other  stand  conditions,  particularly  under  all-aged  manage- 
ment, the  blanket  treatments  have  limited  application.  Where  ad- 
vance reproduction  has  started,  the  need  is  for  a  highly  selective 
treatment.  To  deaden  slowly  and  let  the  trees  sprout,  the  ax  is  still 
effective  for  notch-girdling  large  trees  and  felling  small  ones.  To 
deaden  slowly  without  cutting,  a  basal  spray  of  2,4,5-T  in  oil  is 
effective  on  smooth-barked  large  trees  and  clusters  of  sprouts  or 
saplings.  To  kill  rough-barked  large  trees  more  quickly  and  dis- 
courage sprouting,  use  ammonium  sulfamate  crystals  in  low  notches 
on  large  trees  and  on  the  fresh  stumps  of  the  small  ones,  or  substi- 
tute 2,4,5-T  in  oil  for  trees  freshly  girdled  by  ax-cut  frills  or  by 
machine.  In  accessible  stands  power  girdling  may  double  or  triple 
the  rate  of  progress  in  this  work  on  all  but  hard-textured  trees. 

The  benefits  from  the  disposal  of  undesirable  trees,  where  pines 
are  released,  far  outweigh  the  cost  of,  and  the  damage  incident  to, 
this  work.  Formulas  are  given  for  estimating  the  per-acre  time 
requirements  in  deadening  weed  and  cull  trees  by  various  methods. 
In  normal  years  the  rate  of  height  growth  may  be  doubled  and  the 
rate  of  diameter  growth  quadrupled  in  pine  seedlings  2  years  after 
their  release.  In  the  first  5  years  an  improved  stand  of  pines  of 
pulpwood  size  may  be  expected  to  grow  at  a  faster  rate,  but  add 
less  wood,  than  a  comparable  untreated  stand.  In  the  second  5 
years,  however,  the  improved  stand  should  not  only  increase  its 
superiority  in  rate  of  growth,  but  also  attain  superiority  in  volume 
growth  per  acre.  In  most  localities  the  increased  per-acre  yield  is 
worth  from  2  to  5  times  the  cost  of  the  girdling  that  made  it  possible. 

To  insure  promptness  in  converting  a  hardwood  forest  to  lob- 
lolly pine  drastic  blanket  measures  against  deciduous  species  may 
be  used.  Aerial  foliar  spraying  has  somewhat  limited  application 
in  this  work  because  of  lack  of  positive  control  in  placement.  Con- 
trol burning  in  progressive  strips  may  be  prescribed  where  numerous 
small  3- to  6-inch  stems  need  to  be  killed  back  to  ground  level,  and 
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heavy  machinery  is  useful  where  roots  as  well  as  tops  need  to  be 
destroyed.  These  measures,  used  primarily  for  regeneration,  are 
mentioned  here  only  because  they  reduce  the  need  for  subsequent 
highly  selective  cultural  operations.  To  the  extent  that  the  blanket 
measures  succeed,  the  ensuing  chemical  "mopup"  or  other  selective 
improvement  and  liberation  measures  are  minimized. 

In  even-aged  management  of  loblolly  pine  fire  is  normally  useful 
at  least  three  times,  each  in  a  different  way,  for  a  specific  purpose, 
as  follows:  (1)  in  the  sapling  stage — against  a  gentle  wind — to  re- 
duce the  hazard,  (2)  in  the  pole  stage — with  a  light  wind — to 
improve  stand  composition,  and  (3)  prior  to  harvest  and  seedfall — 
progressively  in  strips — to  prepare  the  site  for  regeneration.  Nor- 
mally it  will  be  advantageous  to  burn  more  than  three  times  in  a 
rotation. 

( )nce  loblolly  pine  is  well  established  in  pure  closely  spaced  stands 
it  needs  thinning.  Thinning,  usually  avoided  until  the  material  to 
be  removed  can  be  sold,  is  most  successful  if  timed  and  executed 
largely  for  the  benefit  of  reserved  trees.  Where  long  clear  boles 
for  poles  or  piling  are  desired,  without  artificial  pruning,  thinning 
measures,  if  any,  should  be  late  in  the  rotation.  But  an  early  im- 
provement cutting  is  needed  to  remove  crooked  and  defective  pines. 
For  the  other  more  customary  products,  it  is  best  to  thin  early,  as 
early  as  12  or  not  later  than  20  years,  in  order  to  anticipate  rather 
than  to  relieve  serious  crowding.  Then  the  benefits  are  salvage  of, 
or  income  from  poor  trees,  as  well  as  selection  of,  and  additional 
growing  space  for  the  better  trees.  Very  light  thinning  does  noth- 
ing but  salvage  imminent  mortality — which  can  amount  to  2  or  3 
cords  of  pulpwood  in  5  years. 

In  growing  both  pulpwood  and  saw  logs  it  is  advisable  to  thin 
heavily  from  above  and  below  to  speed  the  growth  and  shorten  the 
rotation  somewhat.  If  the  rotation  is  not  too  short,  stands  only 
half  stocked  at  the  start  may  produce  95  percent  of  their  maximum 
possible  current  annual  increment.  For  final  yields  primarily  of 
large  high-grade  products  it  is  best  to  thin  only  moderately  through- 
out the  canopy,  to  avoid  any  extreme  in  stand  density,  and  to  main- 
tain growth  at  a  fairly  constant  rate.  For  intermediate  yields  of 
lesser  products,  posts,  poles,  and  rough  saw  logs,  loblolly  pine  may 
well  be  thinned  at  an  average  interval  of  about  7  years.  A  pro- 
gram for  thinning  must  depend  on  how  local  markets  can  be  utilized 
to  further  the  wishes  of  the  owner  in  producing  specific  products 
from  available  stands. 
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Loblolly  pine  wood  from  young  stands  that  are  pure,  or  widely 
spaced,  is  knotty  unless  the  artificial  pruning  of  dominant  trees  was 
started  early.  For  lumber,  or  other  clear  wood  products,  the  lower 
limbs  should  be  severed  with  special  saws  before  the  trees  reach 
about  4  inches  in  d.b.h.  Branches  can  be  cleared  from  some  25  to 
33  percent  of  the  crown,  or  40  to  50  percent  of  the  height  of  vigorous 
trees  without  significantly  retarding  their  growth.  The  limbs  should 
be  removed  close  to  the  trunk,  and  taken  from  only  sound,  straight, 
evenly  spaced  trees,  to  obtain,  in  one  or  two  operations,  a  clear  log 
or  two  from  each  final  crop  tree.  Formulas  for  estimating  the  time 
requirements  in  such  work  are  given.  The  practice  should  add  about 
50  percent  to  the  values  recoverable  when  mature  trees  are  harvested. 


Chapter  8 


Management  of  Mature  Timber 

SILVICULTURAL  HARVESTING  PROCEDURES 

Attempts  were  made  during  the  first  quarter  of  the  present  cen- 
tury to  prolong  the  cut  from  old  growth,  but  most  foresters  have 
concentrated  their  attention  on  second  growth.  Some  deliberate 
planning  is  needed  to  keep  it  in  balance.  In  places  there  is  a  tem- 
porary need  for  reduction  of  harvests,  for  planting,  or  both.  Proper 
management  of  immature  timber  may  be  the  principal  need  until  it 
is  time  to  reproduce  the  pine,  but  the  regeneration  period  is  a  critical 
time  under  management  at  any  level  of  intensity. 

Form  of  forest  and  methods  of  cutting 

Loblolly  pine  timber  grows  well  in  many  forms  of  stands,  if  the 
trees  are  free  from  excessive  crowding.  This  is  less  true  of  regenera- 
tion. Where  the  species  requirements  for  reproduction  have  been 
met,  production  can  continue  without  adhering:  strictly  to  any  one 
of  the  classical  methods  of  silviculture.  Yet  a  conception  of  differ- 
ences between  the  principal  systems  is  presently  useful.  It  will  be 
essential  ultimately,  perhaps  in  the  next  few  years,  when  a  choice 
must  be  made  between  "even-aged"  and  other  methods  of  repro- 
ducing the  forest  (fig.  80). 

The  four  main  harvesting  systems  are : 

(1)  Clear  cutting — with  regeneration  from  adjacent  timber  or  by 
artificial  means. 

(2)  Seed-tree  cutting — with  seeding  from  a  minimum  of  pines  left 
temporarily  for  that  purpose. 

(3)  Shelterwood  cutting — where  a  partial  stand  is  retained  for  re- 
seeding  and  incidental  growth. 

(4)  Selection  cutting — resulting  in  relatively  continuous  recruit- 
ment of  young  trees  in  small  openings. 

Overwood  remaining  during  the  regeneration  period  thus  is  absent 
or  negligible  in  (1),  tolerated  briefly  in  (2),  kept  longer  in  (3),  and 
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Figure  80. — Characteristic  structure  in  plan  and  profile  of  two  distinctly  dif- 
ferent forms  of  loblolly  pine  forest  organized  for  sustained  yields  of  tim- 
ber: A,  Distribution  of  tree  sizes  balanced  through  natural  and  silvicultural 
control  of  growing  stock;  B,  distribution  of  stands  balanced  through  allot- 
ment of  equal  areas  to  each  one  of  a  complete  series  of  age  classes. 


accepted  over  many  years  in  (4).  The  first  three  methods  concen- 
trate reproduction  in  stands  for  even-aged  culture,  whereas  the 
fourth  gradually  disperses  it  extensively  for  subsequent  culture  in 
many-aged  stands  (Reynolds  1941b).  Even-aged  stands,  reproduced 
under  the  first  three  systems,  are  15  to  20  years  old  before  they 
yield  trees  of  merchantable  size,  whereas  selection  stands  perpetuated 
under  the  fourth  system  yield  a  continuous  supply  of  older  trees  in 
a  variety  of  commercial  sizes. 

These  distinctions  between  stands  differently  reproduced  do  not 
apply  to  whole  forests  after  they  develop  a  balanced  distribution  of 
sawtimber.  Such  balance  is  not  practicable  on  many  small  wood- 
lands, and  may  be  attained  on  large  holdings  only  gradually  as  they 
remain  organized  to  sustain  yields.  Meanwhile  the  above  distinc- 
tions, related  to  stand  origin,  do  apply  to  separately  managed  forest 
compartments. 
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In  the  past  the  choice  of  a  silvicultural  system  has  frequently 
been  a  temporary  expedient  dictated  on  the  basis  of  the  existing  form 
of  forest  to  be  placed  under  management.  The  wisdom  of  continuing 
to  operate  a  loblolly  pine  forest  indefinitely  under  a  system  so  chosen 
is  open  to  question.  In  fact  whether  the  even-aged  systems  (1  to  3 
above)  or  the  all-aged  system  (4)  are  preferable  has  been  sharply 
controversial  (Bond  1953,  McCulley  1953f).  Where  the  suppression 
of  broad-leaved  competition  is  well  in  hand,  it  has  been  amply 
demonstrated  that  the  loblolly  pine  type  of  forest  is  amenable  to 
management  through  either  an  even-aged  or  all-aged  type  of  silvi- 
culture. However,  where  the  problem  of  hardwood  weed  species  is 
acute,  where  storm  damage  may  be  severe,  and  where  an  attempt 
is  made  to  utilize  the  soil  at  its  maximum  capacity,  it  is  not  yet 
evident  that  loblolly  pine  can  be  reproduced  and  grown  with  equal 
facility  under  each  of  the  two  principal  systems. 

On  good  Coastal  Plain  and  lower  Piedmont  sites,  forests  operated 
for  purely  commercial  purposes  can  readily  produce  sawtimber  in 
many-aged  stands.  But,  regardless  of  sites  and  locations,  certain 
other  considerations  involving  incidental  benefits  from  irregular 
stands  should  be  recognized.  For  example,  where  "high  grading" 
is  deliberately  avoided,  there  is  opportunity  to  retain  inherently 
superior  parent  trees  longer,  while  keeping  the  ground  cover  intact. 

The  continuous  forest  cover  provided  under  the  selection  system 
may  especially  benefit  forests  managed  primarily  for  their  water- 
shed or  outdoor  recreation  values.  In  all-aged  form,  stands  become 
more  resistant  to  wind  because  of  the  partial  vertical  closure  of  their 
crowns.  Some  pines  near  the  most  recent  openings  may  be  damaged 
by  ice  or  felled  in  storms,  but  most  of  them  will  have  developed 
windfirmness  on  at  least  one  side,  and  the  larger  ones  will  be  well 
fortified.  During  dry  periods  a  selection  forest  also  retains  moisture 
enough  in  the  forest  floor  to  reduce  the  danger  from  fire  below  that 
found  on  recently  clear-cut  areas.  Furthermore  when  rainfall  is 
heavy,  the  selection  forest  affords  better  protection  to  steep  slopes 
and  erosive  soils  than  do  even-aged  forests. 

An  admixture  of  hardwoods  likewise  adds  to  these  indirect  values 
regardless  of  the  structure  of  forest,106  but  the  form  of  forest  is 

106  Several  of  these  indirect  but  desirable  "side  effects,'  '  now  attributed  to 
systems  of  silviculture,  nay  be  found  more  closely  associated  with  site  quality, 
and  with  the  density  and  composition  of  stands,  than  with  form  of  forest  and 
method  of  management.  The  intensity  of  application  of  any  system  that  pro- 
vides trees  with  room  to  grow,  but  none  to  waste,  should  in  some  degree  result 
in  many  such  benefits. 
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Figure  81.— Bird  Veye  diagrams  of  idealized  space  arrangement  of  tree  size 
classes,  resulting  from  long-term  application  of  different  silvicultural  sys- 
tems of  timber  harvest  and  replacement:  A,  even-aged;  B.  group  selection; 
and  C,  single  tree  selection  (Bourne  1951). 

necessarily  linked  to  method  of  management.  In  a  many-acred  forest 
relatively  inexpensive  and  periodic  stemwise  control  of  weed  trees 
permits  retention  of  certain  individually  desirable  hardwood  speci- 
mens. 

In  any  region  where  full  use  is  to  be  made  of  controlled  burning, 
or  any  other  blanket  cultural  measure,  the  need  is  for  intensive 
even-aged  silviculture  McCuUey  1953f  .  The  trend  toward  greater 
use  of  mechanical  labor  saving  devices  or  heavy  machinery,  both 
to  extract  timber  and  to  prepare  seedbeds  or  control  hardwoods,  is 
increasing  under  even-aged  methods  of  growing  loblolly  pine.  The 
use  of  machines  in  logging  injures  a  smaller  percentage  of  trees  in 
final  than  in  partial  harvests.  Delayed  or  heavy  thinning  in  even- 
aged  young  stands,  or  partial  cmting.  in  certain  Piedmont  locations, 
may  lead  to  serious  damage  from  ice  storms.  Similarly  under  any 
system  the  creation  of  large  openings  in  an  overwood  canopy  can 
favor  natural  succession  towards  hardwoods.  After  dear  cutting 
a  previously  unmanaged  stand  of  pine,  artificial  control  of  species 
composition  needs  to  be  more  positive  to  counter  the  sudden  and  com- 
plete release  of  competing  natural  vegetation.  Overall  site  prepara- 
tion that  can  be  used  early  in  even-aged  management  permits  such 
control,  and  facilitates  a  high  degree  of  success  in  attaining  it. 

Blanket  treatments,  less  feasible  in  all-aged  stands,  are  becoming 
increasingly  less  necessary  in  managing  them.  However,  in  either 
form  of  forest,  any  serious  difficulty  with  regeneration  indicates  a 
need  to  change  or  intensify  the  silvicultural  system. 

The  choice  of  a  system  and  its  successful  operation  over  a  rota- 
tion period  will  produce  both  characteristic  space  arrangement  of 
stands  and  definite  structural  differences  within  the  stands  owing 


346 


LOBLOLLY  PIXE 


to  the  separation  or  intermingling  of  the  size  classes  of  trees.  Figure 
81  illustrates  the  structure  typical  of  each  of  three  idealized  silvi- 
cultural  systems. 

Contrasts  in  silvicultural  systems 

The  general  methods  of  handling  various  stands  in  loblolly  pine 
forests  are  essentially  similar  except  during  regeneration  periods.  The 
manner  of  obtaining  reproduction  is  distinctly  different  for  even- 
aged  and  many-aged  silviculture.  This  is  true  because  according  to 
plan  the  even-aged  regeneration  is  both  localized  and  concentrated  in 
a  short  period,  whereas  many-aged  regeneration  is  scattered  and 
covers  a  long  unspecified  period.  The  resulting  dissimilarity  in  cul- 
tural polices,  schedules,  and  procedures  influences  five  phases  of 
forest  management  about  as  follows : 


A.   Immature  s 

UXDER  E YEN-AGED  CULTURE 

In  well-stocked  immature  stands, 
thinnings  and  other  partial  cutting 
at  regular  intervals  are  usually  for 
purposes  other  than  regeneration. 
Hence  partial  pine  reproduction  in- 
cidental to  such  cuttings  may  be 
disregarded.  Its  survival  is  then  less 
important  than  satisfactory  growth 
and  value  in  the  remaining  trees.  In 
fact,  advance  reproduction  may  in- 
terfere with  uniform  regeneration 
later,  and  may  be  sacrificed  for  this 
reason. 


tand  management 

UXDER  MANY-AGED  CULTURE 
Because  a  many-aged  form  of  stand 
is  desired,  advance  pine  regeneration 

j  may  at  any  time  be  allowed  to  re- 
place trees  removed  in  partial  cut- 
ting. "Where  seedlings  have  room  to 
grow,  reproduction  is  never  pre- 
mature. If  it  is  insufficient  for  the 
forest  as  a  whole,  reproduction  may 
be  periodically  released,  incidentally 
by  cutting  crop  trees,  or  deliberately 

i  by  deadening  undesirable  trees,  but 
a  surplus  is  avoided  by  letting  the 
weakest  seedlings  die. 


B.    P r eli ar vest  measures 


As  thinned  stands  approach  ma- 
turity partial  cutting  for  stand 
improvement  is  no  longer  needed, 
and  basal  area  is  allowed  to  in- 
crease. The  cutting  cycle  should 
be  adjusted  to  regeneration  needs, 
not  growth.  The  final  partial  cut 
should  be  a  preparatory  or  seed  cut- 
ting; its  purpose  is  to  release  po- 
tential seed  trees  for  increased  seed 
production. 


Regular  short-cycle  cuts  combine 
stand  improvement  with  partial  har- 
vest by  mature  groups  or  single 
trees.  Basal  area  per  acre  is  held 
fairly  constant  at  a  relatively  low 
level.  This  usually  keeps  the  upper 
canopy  sufficiently  open  for  adequate 
seed  production  in  good  years.  Seed- 
bed preparation,  if  any  is  needed,  is 
spotty,  not  uniform. 
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C.  Harvest 
When  released  seed  trees  start  pro- 
ducing cones,  and  before  their  pro- 
duction is  again  reduced  by  crowding, 
all  timber  should  be  removed  from 
spots  or  strips  to  be  seeded  from  the 
side,  and  all  but  the  seed  trees  from 
other  regeneration  areas.  Blanket 
seedbed  preparation  is  desirable. 


procedures 

Volume  growth  of  timber  is  har- 
vested periodically.  Guiding  diam- 
eter limits  in  partial  harvests  should 
be  selected  with  due  regard  to  both 
the  current  demand  for  products  and 
the  need  for  replacement  of  timber 
stocks  in  stands  of  desirable  density. 
Seedbeds  and  seedlings  are  ignored 
except  as  is  necessary  to  minimize 
incidental  damage. 


D.  Spec 

In  thin  stands  of  young  trees  a  pre- 
paratory cutting  may  be  useless  and 
seed  supplies  may  be  short.  In  those 
situations,  and  where  ground  cover 
is  heavy,  deliberate  seedbed  prepara- 
tion is  essential  if  planting  is  to  be 
avoided.  The  ground  should  be  pre- 
pared for  seedfall  only  in  good  seed 
years.  Subsequent  weeding  should 
continue  until  the  pine  canopy  closes. 


ial  measures 

In  thin  two-storied  or  selection 
types  of  stands  crop  trees  are  chosen 
on  their  own  merits  to  be  cut  or  left 
with  little  regard  for  reproduction. 
Advance  growth,  commonly  present, 
emerges  without  liberation,  except 
that  which  is  incidental  to  cyclic  cuts 
and  measures  to  better  species  com- 
position by  reduction  of  hardwoods. 
In  place  of  site  preparation  at  har- 
vest time,  subsequent  weeding  is  usu- 
ally needed  only  in  relatively  open 
spots. 


E.  Removal  of  seed  source 
Seed  trees  and  uncut  strips  should 
be  harvested  when  the  new  seedlings 
are  well  established  but  before  they 
are  large  enough  to  break  easily  and 
suffer  heavv  damage  from  logR'ing'. 


Seed  trees  should  be  removed  only 
when  they  reach  financial  maturity. 
Xo  attempt  need  be  made  to  liberate 
seedlings  directly  overtopped  by  crop 
trees  until  logging  releases  them  au- 
tomatically. 


Clear  cutting  systems 

Clear  cutting  timber  on  intermittent  strips  or  patches  is  a  recog- 
nized silvicultural  method  for  the  even-aged  reproduction  of  loblolly 
pine  forests.  Reseeding  from  the  side,  however,  may  be  inadequate 
if  the  parent  stand  was  too  light  to  produce  enough  seed  or  if  it  was 
so  heavy  that  excessive  logging  slash  reduces  the  catch  of  seedlings. 
Stands  of  medium  density  may  be  regenerated  from  60- to  70-foot 
strips  of  uncut  seed-bearing  timber  by  alternating  them  with  150- 
or  200-foot  clear-cut  strips  (Pomeroy  1949b  and  1949c).  The  clearing 
should  be  thorough— that  is.  it  should  remove  timber,  pulpwood  trees. 
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and  merchantable  tops.107  Or  parallel  150-foot  strips  can  be  cleared 
toward  the  prevailing  winds  to  progressively  enlarge  the  regenerated 
area.  "Where  scattered  single-acre  or  smaller  patches  are  nsed  in 
lieu  of  strips  they  can  be  similarly  extended  as  seedlings  become 
established  within  them.  The  pattern  formed  by  these  cleared 
patches  is  immaterial  provided  that  cutting  cycles  are  short  enough 
to  constantly  release  marginal  seedlings  from  retardation  imposed 
by  the  adjacent  uncut  timber. 

Usually  a  fairly  definite  program  of  strip  cuttings  is  necessary. 
If  the  first  strip  has  not  restocked  by  the  time  the  second  strip  should 
be  cut.  artificial  regeneration  is  needed  to  avoid  leaving  a  strip  be- 
yond the  reach  of  seed,  or  disrupting  the  schedule,  or  both. 
Because  of  droughts,  seed  crop  failures,  and  sometimes  damage  from 
fire  or  insects,  artificial  methods  are  frequently  necessary  to  supple- 
ment natural  ones.  Reinforcement  measures  must  be  prompt  to  be 
effective.  Where  pine  regeneration  and  the  simultaneous  control  of 
undesirable  species  are  uncertain  or  costly,  direct  seeding  or  plant- 
ing, and  subsequent  weeding,  may  well  be  adopted  as  standard 
procedure  in  reproducing  loblolly  pine  in  even-aged  stands. 

Seed-tree  methods 

It  is  best  to  leave  enough  saw-log  volume  in  seed  trees  to  provide 
an  operable  cut  later,  as  well  as  assure  enough  seed  for  adequate  re- 
stocking (plate  9).  Loss  from  windfall  should  not  exceed  1  percent. 
Sometimes  8  scattered  seed  trees  will  produce  more  seed  per  acre 
than  one-quarter  of  the  stand  left  in  strips.  During  the  period  in 
which  timber  remains  on  the  land  to  supply  seed,  the  trees  may 
grow  enough  to  more  than  repay  all  costs  of  reserving  them  (Lotti 
1953).  Favorable  reseeding  can  be  confidently  expected  only  when 
the  cone  bearers  are  selected  from  dominant  trees,  for  the  power  of 
recuperation  in  trees  long  subdominant  decreases  with  age  of  stand 
and  with  the  length  of  the  period  of  overcrowding.  Suppressed 
trees  can  seldom  recover  enough  in  a  reasonable  period  to  be  satis- 
factory as  a  source  of  seed. 

The  best  number  of  seed  trees  to  leave  per  acre  is  an  important 
question  for  which  no  simple  unqualified  answer  is  reliable.108  A 

107  Favorable  response  to  thorough  clearing  was  demonstrated  in  early  ex- 
perimental cutting  of  loblolly  pine  in  east  Texas.  In  a  45-year-old  stand  10 
years  after  heavy  cutting  on  1-aere  plots  reseeded  from  the  side,  stocking  with 
pine  saplings  7%  feet  tall  was  35  to  -A3  percent  complete,  whereas  on  comparable 
plots  lightly  cut  the  restocking  was  only  0  to  5  percent  (Bull,  Williams,  and 
Judson  1948). 

108  In  the  past  seed  trees  have  often  failed  because  landowners  were  re- 
luctant to  invest  in  good  ones.    All  too  often  owners  left  no  merchantable  trees 
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Plate  9.— An  average  of  four  well-formed  trees  per  acre  were  left  for  seed 
m  harvesting  saw  logs  and  pulpwood  from  this  even-aged  stand.  Note 
that  close  utilization  leaves  only  a  moderate  amount  of  slash  View  of 
loblolly  pine  in  Able  Chance,  1950,  Francis  Marion  National  Forest  South 
Carolina   (U.S.F.S.  Photo  465161). 


wide  variation  in  the  yield  of  seed  and  the  catch  of  seedlings  results 
from  numerous  factors— mainly  the  year,  the  size  and  inherent  fruit- 
fulness  of  individual  trees,  the  prior  release  provided,  and  the 
receptivity  of  natural  or  prepared  seedbeds.109  How  to  consider 
these  matters  separately  has  been  suggested  in  the  chapter  on  natural 
regeneration.  Forest  managers,  however,  need  some  way  to  inteorate 
the  various  factors  that  jointly  determine  the  adequacy  of  seed^sup- 
plies^Basic  data  in  table  38  offer  the  best  means  so  far  available 

tL°nrLTeS  t0°  lmf>t0°  few>  or  t0°  defective  to  get  results.    Minimum  prac- 

o    halt  ad0fte\earl7  by  S6Veral  States  in  *  more  or         ™iu  attempt 

to    halt    needless    devastation    and    keep    pine    forests    reasonably  productive 

SSSTSnS  T  7  aiKl  hl  Seedb6dS  ^  °ften  ign°red  h*  the  ™^ 
guides      Such  rules,  without  legal  status,  uniform  compliance,  or  the  will  to 

succeed,  could  not  be  effective. 

denTq^Tn^  f  SGedlf ?         COmPared  in         study  (Pomeroy  and  Trous- 

f  LH  tt  7  \  f1S  ?  firSt""ea1'  Pei"aCre  Catdl  in  huildreds  of  seedlings  as 
follows:  Undisturbed  surface  or  slash  piles  2-4,  light  burn  6,  disturbed  surface 
or  medium  burn  21-26,  and  a  severely  burned  area  31-37 
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Table  38. — Approximate  number  of  unreleased  seed  trees  needed  per  acre  to 
attain  desired  stocking  of  seedlings  the  first  year  after  tractor  logging 
(Wenger  and  Trousdell  1958 J1 


Kind  of  seed  year 

and  desired  repro-  Diameter  breast  high  finches) 

duction  by  milacres   

stocked  (percent)  10             12             U             16             18  20 


Good  seed  year:          Number  Number  Number  Number  Number  Number 

40                          17      /  9  5  4  3  3 

60                          37  19     1  11  7  5  3 

75   35     '       20      [      13  9  6 

90  ,       ..  ..  41  25  17  |  12 

Mediocre  seed  year: 

40                          38  18      |      10  6  4  3 

60..:   38       '      21       [      13  9  6 

75   ..  39  24  16  [  11 

90   ...  ...  49  33  23 

Poor  seed  year: 

40   ..  32  19  )       12  8__ 

60   ..  40  25  18 

75   ..  ..  47  32 


1  Selection  of  seed  trees  to  take  advantage  of  fruitfulness  and  release  to  increase  it  is  advisable.  It  is  not  feasible  in 
practice  to  leave  either  less  than  3  or  more  than  13  seed  trees  per  acre.  All  of  the  above  estimates  greater  than  13  are 
hypothetical;  the  numbers  of  suitable  seed  trees  shown  below  the  stair-step  dividing  lines  are  seldom  available  to  be  left 
and  may  restrict  the  growth  of  their  progeny. 

Seed-tree  estimates  between  6  and  13  may  be  reduced  by  a  tree  or  two  if  the  seedbed  has  been  improved  by  burning 
or  disking,  or  reduced  possibly  by  one-third  or  one-half  if  definitely  fruitful  trees  are  chosen.  Seed  production  may 
normally  be  increased  by  relieving  seed  trees  from  crowding,  but  on  the  Piedmont  Plateau  no  amount  of  release  will 
provide  seed  in  adequate  quantities  during  poor  seed  years. 

to  implement  good  judgment  as  to  the  number  of  ordinary  unre- 
leased seed  trees  needed  on  unprepared  sites. 

From  unreleased  seed  trees  on  an  area  burned  over  in  late  sum- 
mer before  seedfall  and  within  1  year  after  logging,  about  one-third 
less  seed  is  needed  for  a  given  stocking  of  reproduction.  The  relative 
efficiency  of  four  types  of  seedbed  under  average  conditions  is  shown 
in  figure  82.  The  ratios  change  with  soil  quality  and  adequacy  of 
spring  rainfall.  Because  of  differences  both  in  seed  trees  and  in 
seedbeds,  there  are  optional  ways  of  obtaining  a  desired  degree  of 
stocking.  For  example,  60  percent  restocking  may  be  achieved  dur- 
ing an  average  year,  where  enough  trees  are  available,  by  leaving 
pines  as  follows:  21  unselected  14-inch  trees  (table  38),  or  14  fruit- 
ful 14-inch  trees,  or  about  10  such  trees  on  a  burned  or  disked  area. 
If  the  available  seed  bearers  are  larger  than  14  inches,  or  if  their 
productivity  has  been  increased  by  prior  release,  still  fewer  trees 
will  suffice,  but  it  is  not  advisable  to  leave  less  than  three  per  acre. 
Rates  of  mortality  among  seed  trees  from  lightning,  wind,  and  other 


MANAGEMENT  OF  MATURE  TIMBER  351 

causes  in  the  Virginia  Coastal  Plain  are  given  in  the  section  on 
"Lightning"  in  chapter  3,  Protection. 

Where  the  danger  of  wildfire  escaping  control  is  slight,  the  early 
removal  of  seed  trees  that  have  served  their  purpose  on  regenerated 
areas  is  advisable  to  permit  free  growth  of  the  seedlings. 

Shelterwood  methods 

The  practice  of  leaving  a  relatively  large  number  of  seed  trees 
and  then,  as  reproduction  proceeds,  harvesting  them  gradually,  is 
called  shelterwood  cutting.  This  system  usually  supplies  an  abun- 
dance of  seed  and  the  site  is  more  fully  occupied  during  the  regenera- 
tion period.  In  the  shelterwood  method  mature  timber  is  removed 
m  a  series  of  cuts  extending  over  one-tenth  to  one-quarter  of  the 
rotation  period  (Heeren  1956).  In  the  case  of  loblolly  pine  the  seed- 
lings have  no  direct  need  for  shelter,  but  an  overwood  helps  to  keep 
the  forest  floor  clear  of  vegetation  until  the  pines  can  claim  it.  To 
this  end  shelterwood  cuttings  in  mixed  stands  should  not  only  liber- 
ate pine  trees  to  be  reserved  for  seed  production,  but  also  retain 
enough  hardwood  or  other  noncrop  trees  to  prevent  an  upsurge  of 
understory  hardwoods.110 

Leaving  too  many  trees  will  result  in  the  pine  progeny  having  too 
much  competition  from  the  mother  trees,  but  this  is  a  minor  and 
temporary  difficulty  for  which  correction  is  provided  through  pro- 
gressive continuation  of  the  harvest.  Thus  the  seed  source  is  removed 
in  what  is,  in  effect,  a  series  of  thinnings  that  serve  briefly  to  stimu- 
late not  only  better  seedling  height  growth  but  also  better  reserve 
tree  diameter  growth.  The  latter  benefit,  however,  appears  to  be 
limited  to  selected  trees  in  thrifty  stands  of  young  pine.111  Shelter- 
wood  cuttings  in  the  Hitehiti  Experimental  Forest  in  Georgia  have 
left  25  to  30  square  feet  of  basal  area  per  acre,  lost  only  4  board 
feet  annually  in  mortality,  grown  200  to  300  board  feet  each  year, 

110Tliis  is  difficult  to  manage  in  some  situations.  Duke  forest  shelterwood 
operations  have  not  been  as  successful  as  seed-tree  or  strip  methods  with  lob- 
lolly pine,  except  where  supplementary  measures  were  taken.  This  has  been 
particularly  true  of  areas  of  high  site  index  where  there  is  a  hardwood  problem. 
Un  such  areas  shelterwood  is  not  recommended  (Heeren  1956).  Bv  contrast  in 
the  lower  Piedmont,  and  where  all  seed  yields  are  low,  the  shelterwood  method 
Has  been  most  successful  in  regenerating  loblolly  pine. 

111  It  has  been  observed  on  the  Eastern  Shore  of  Maryland  that  after  partial 
cutting  m  mature  loblolly  pine  sawtimber  of  old-field  origin  the  growth  on 
residual  timber— i.e.,  pines  capable  of  adding  3  inches  in  10  rears— was  more 
than  offset  by  the  mortality  of  other  trees.  Basal  area  growth  decreased  18 
percent  and  volume  growth  14  percent  in  the  first  4  years  (Little  and  Mohr 
1957b).    In  such  situations  also  the  shelterwood  system  cannot  be  recommended. 
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ON  SLASH  SURFACE  ON  UNDISTURBED 

SURFACE 


ON  BURNED  SURFACE  ON  LOGGED  AND 

DISKED  SURFACE 

Figure  82. — Numbers  of  loblolly  pine  seeds  needed  to  establish  one  seedling 
On  each  of  four  classes  of  seedbed  (Trousdell  1950b). 

and  provided  satisfactory  regeneration  of  loblolly  pine  even  in  mixed 
pine-hardwood  types  of  stands. 

Selection  cutting 

The  selection  system  of  cutting  provides  certain  benefits  in  addi- 
tion to  the  protective  value  of  a  continuous  cover.  An  outstanding 
initial  advantage  is  that  rnany  small  potentially  valuable  trees  need 
not  be  sacrificed  by  removing  them  while  still  financially  immature 
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(Bond  1953).  With  some  refinements,  economic  selection  is  being 
applied  successfully  in  the  management  of  many  large  and  some 
small  tracts  of  loblolly  pine.  Even  on  small  properties,  for  example, 
gronp  selection  can  provide  some  income  from  timber  cutting  every 
few  years.  With  good  markets  loblolly  pines  can  be  selectively 
harvested  on  cycles  short  enough  so  that  the  incidental  stimulus  to 
seed  production  from  the  reserved  trees  remains  still  effective  at  the 
time  of  each  succeeding  cut. 

Loblolly  pine  seedlings  start  sometimes  beneath  an  overwood 
canopy,  and  often  in  openings  25  to  50  feet  wide  where  mature  trees 
have  been  removed.  There,  on  good  sites  and  with  the  benefit  of 
frequent  light  cutting  in  adjacent  timber,  they  can  grow  sufficiently 
well  to  permit  satisfactory  regeneration  under  the  single-tree  selec- 
tion system.  Grass  and  weeds— less  thrifty  than  in  large  openings- 
retard  them  less  seriously  than  under  even-aged  systems,  but  success 
hinges  more  on  survival  than  on  rapid  initial  response.  On  the 
clay  soils  in  the  lower  Piedmont  overtopped  seedlings  persist  for  a 
long  time  and  quickly  respond  to  release  when  the  canopy  is  opened. 
Fortunately,  badly  suppressed  seedlings  respond  to  liberation  rather 
promptly  everywhere,  and  vigorously  where  moisture  is  adequate. 
In  dry  situations  even  the  dominant  seedlings  may  be  expected  to 
benefit  from  release.  A  mixture  of  several  ages  or  sizes  of  trees 
can  be  handled  under  this  system  on  the  best  sites. 

Wherever  unaided  pine  reproduction  is  poor,  the  single-tree 
selection  method  designed  for  all-aged  forests  needs  modification  for 
effective  production  of  pine  timber  in  relatively  pure  stands.  In 
some  places  selection  methods  are  less  satisfactory  on  light  sandy 
soils  than  on  clay  soils.  Fortunately,  because  of  the  usual  dispersion 
of  tree  diameters  within  broad  age  classes  of  timber,  a  forest  need 
not  be  '•all-aged"  to  have  the  structure,  and  share  in  the  benefits, 
of  a  selection  forest.  It  may  well  be  many-aged  by  small  even-aged 
groups  of  trees. 

Group  selection  (fig.  81,  B)  is  a  method  of  cutting  that  readily 
creates  such  a  forest  in  situations  where  the  single-tree  method  fails. 
It  is  a  practical  compromise  between  two  sharply  contrasting  systems 
(fig.  81,  A  and  C) .  It  is  flexible  enough  to  apply  well  to  the  existing 
variations  in  many  understocked  stands ;  there  need  be  no  uniformity 
in  size  or  shape  of  the  tree  groups.  Clusters  of  two  or  more  neigh- 
boring trees  can  be  harvested  from  0.01- to  0.25-acre  spots  to  &be 
reseeded  from  the  side.  Such  seeding  may  extend  even  over  an  acre 
or  two,  provided  that  the  openings  are  kept  sufficiently  irregular  in 
shape  to  retain  a  good  source  of  seed  within  200  feet  (figs.°33  and 


354 


LOBLOLLY  PINE 


40  iu  chapter  4,  Natural  Regeneration).  Openings  of  a  quarter  acre 
or  less  reseed  best,  but,  if  more  reproduction  is  needed,  they  must  be 
enlarged  later  to  relieve  3  out  of  4  seedlings  from  the  competition  of 
parent  trees.  The  larger  openings  (1-2  acres)  reseed  less  well  from 
the  side.  Therein  only  about  1  out  of  3  seedlings  suffer  marginal 
retardation,  but  they  may  need  early  relief  from  low-level  competi- 
tion stimulated  by  the  clearing.  Despite  these  procedures  the  forest 
as  a  whole  retains  the  advantage  of  its  essential  group-selection  form 
unless  the  scattered  even-aged  new  stands  become  large  enough  (3 
acres  or  more)  to  be  recognized  in  mapping  forest  condition  classes. 

Under  the  selection  system  there  is  no  need  to  have  the  cut  and 
and  growth  correspond  closely  within  individual  stands,  though  the 
severity  of  local  intermediate  cuts  may  well  be  related  to  the  growing 
stock  and  the  scheduled  cycle.  The  degree  of  partial  cutting  suitable 
for  a  loblolly  pine  forest  with  a  post-release  growth  rate  of  about  6 
percent  (compound  rate)  has  beeu  reported  (Reynolds  et  al.  1944)  as 
follows : 

Present  growing     Suggested  5-year  cyclic     Suggested  10-year 


stock  per  acre  cut  cyclic  cut 

( M  board  feet)  ( percent)  ( percent) 

2   13  22 

4   15  27 

6   17  33 

8   21  38 

10     25  44 


With  the  above  volumes  roughly  restorable  in  the  time  allowed,  the 
harvest  can  be  so  limited,  but  where  the  trees  that  can  be  left  are 
not  of  acceptable  quality  for  further  growth  it  may  be  advisable  to 
reserve  less  volume.  Although  it  is  obvious  that  local  stands  re- 
quire different  treatments,  the  general  instructions  for  cultural  work 
can  be  so  worded  as  to  provide  appropriate  treatments  by  subunits 
without  specific  plans  or  separate  records  for  the  subordinate  units 
( Grosenbaugh  1955 ) . 

Regulation  of  the  cut 

Midway  between  the  silvical  and  financial  aspects  of  forestry, 
and  related  to  both,  is  a  need  for  some  sort  of  voluntary  control  of 
the  business  to  relate  the  allowable  cut  to  the  overall  growth.  In 
growing  timber  the  most  immediately  available  benefits  come  from 
protective  and  silvicultural  measures  rather  than  from  regulation, 
but  other  measures  based  on  local  experience  and  forest  data  are 
essential.    Without  suitable  rotations,  cutting  cycles,  and  planwise 
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regulation  of  long-term  production  of  timber,  there  can  be  no  real 
assurance  of  sustained  yield.112 

The  rotation  represents  average  felling  age.  Under  uneven-aged 
management  it  is  a  superfluous  concept;  under  even-aged  systems  a 
rotation  should  be  selected,  but  need  not  be  precisely  specified.  The 
choice  is  influenced  by  size  specification  for  wood  products,  by  land 
quality,  and  by  certain  financial  considerations.  For  instance,  where 
heavy  initial  investments  and  high  interest  charges  must  be  met 
they  discourage  long  rotations.  Relatively  small  wood  products  may 
be  grown  profitably  on  good  land  under  short  rotations.  The  de- 
mand for  pulpwood  has  resulted  in  short-rotation  management 
throughout  much  of  the  range  of  loblolly  pine.  AVest  of  the  Missis- 
sippi River  there  is  some  indication  of  an  opposite  trend.  Even 
pulp  companies  are  interested  in  growing  some  pine  trees  to  sell  as 
saw  logs  or  to  trade  for  pulpwood.  For  instance  some  companies 
will  barter  1.000  board  feet  of  saw  logs  for  four  cords  of  pulpwood. 

Pulpwood  volume  growth  in  unmanaged  loblolly  pine  culminates 
at  about  40  years  and  pulpwood  rotations  vary  from  30  to  40  years. 
For  larger  products  like  saw  logs  longer  rotations  are  needed  (page 
278  of  chapter  6).  Increment  in  unmanaged  loblolly  pine  sawtimber 
culminates  at  about  45  years  on  good  sites  and  5  or  10  years  later 
on  the  poorer  ones;  hence  for  medium-sized  timber  on  sites  of  index 
80  or  more,  rotations  up  to  60  years  may  be  suitable.  Sites  of  index 
50  or  less  are  better  suited  to  pulpwood  production,  but  if  saw- 
timber  is  desired  rotations  of  60  to  80  years  are  needed.  These  are 
not  waiting  periods  because  good  management  avoids  rotations  that 
mature  concurrently.  Further  improvements  in  management  may 
also  be  expected  to  extend  the  above  mentioned  culmination  periods. 

The  interval  between  major  felling  operations  in  a  given  stand 
tends  to  become  shorter  as  the  management  of  uneven-aged  forest  is 
intensified.  In  understocked  loblolly  pine  forests  a  cutting  cycle 
of  8  years  is  suitable,  but  the  period  should  be  reduced  to  5,  or 
even  4  years,  in  well-stocked  compartments.  Because  regulation  of 
selection  forests  is  based  on  timber  volume  and  volume  growth, 
rather  than  area  covered,  the  record  of  progress  in  cyclic  cuts  must 
be  kept  current. 

112  Sustained-yield  management  has  been  explicitly  defined  as  follows:  Man- 
agement of  specific  forest  lands  under  single  ownership  or  cooperative  control 
within  an  economic  unit,  under  a  definite  management  plan  which  limits  timber 
cutting  to  the  capacity  of  such  forest  lands  under  existing  methods  of  manage- 
ment, as  determined  from  existing  growing  stock  and  growth,  to  provide  without 
interruption  or  substantial  reduction  raw  material  for  industry  or  communitv 
support— Lumber  Code  Authority  Bid.  95,  Sec.  2(9)  of  schedule  C,  page  4. 
Chapman  and  Meyer  1947,  Forest  Valuation,  page  243. 
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To  this  end  timber  marking  crews  may  not  only  designate  each 
saw-log  tree  to  be  removed  but  may  tally  separately  all  timber  to 
to  be  cut  or  left.  This  procedure  provides  the  forester  a  convenient 
means  of  keeping  currently  informed  (Bond  et  al.  1937).  Modern 
plotless  cruising  with  wedge  prisms  is  a  less  expensive  means  of 
checking  and  regulating  timber  harvests.  Net  growth  is  readily 
determined  from  the  records  of  partial  harvests  and  recurring  in- 
ventories. The  results  of  such  work  can  be  totaled  by  compart- 
ments and  may  be  used  in  allocating  cutting  budgets  by  means  of 
a  skyline  chart  (Wackerman  1934,  Barron  1951).  By  this  method 
graphic  averages  serve  to  replace  laborious  computations,  and  provide 
a  visual  method  of  adjusting  the  cut,  block  by  block,  to  the  overall 
estimates  of  growth.113 

Under  even-aged  systems  of  silviculture  good  regulation  of  yields 
is  most  readily  achieved  simply  by  allocating  an  approximately  equal 
area  to  each  age  class  of  timber.  Some  adjustment  of  these  areas  is 
needed  to  allow  for  differences  in  average  site  quality. 

Regulation  of  the  cut  to  sustain  yields  of  loblolly  pine  timber 
need  not  be  an  involved  process,  but  it  entails  careful  consideration 
of  both  the  silvical  and  financial  aspects  of  the  business. 

FINANCIAL  ASPECTS  OF  HANDLING  LOBLOLLY 
PINE  TIMBER 

The  value  of  a  forest  property  as  an  investment  in  timber  grow- 
ing depends  on  numerous  local  considerations  beyond  the  scope  of 
this  book.  Although  no  reliance  can  be  placed  on  absolute  prices 
or  values,  continually  shifting  as  they  do  with  place  and  time,  some 
examples  to  show  labor  and  cost  requirements  as  related  to  various 
phases  of  the  work  may  be  helpful  in  planning  operations. 

113  Similarly  under  close  control,  the  distribution  of  the  overall  cut  can  be 
regulated  if  necessary,  by  diameter  groups,  to  correct  any  apparent  abnormalities 
in  tree-size  representation  that  account  for  a  loss  in  uniformity  of  growth. 
Structual  differences  in  forests,  arising  from  contrasts  in  age  within  some 
stands  and  in  stem  growth  in  all  stands,  are  difficult  to  study  except  by  graphic 
methods.  Herrick  (1945)  proposes  a  numerical  expression  of  stand  structure — 
a  single  factor  to  characterize  the  arrangement  of  size  classes — just  as  site  index 
integrates  the  complex  influences  which  determine  the  capacity  of  land  to  yield 
timber. 

A  highly  technical  evaluation  is  involved.  To  illustrate  the  computation 
the  author  uses  data  from  a  productive  uneven-aged  loblolly  pine  forest  at 
Crossett,  Ark.  He  introduces  the  concept  of  a  "maximum-product  d.b.h.  point." 
This  point  in  terms  of  percentage  of  the  entire  diameter  range  is  his  stand 
structure  factor.  Its  significance  is  only  slightly  different  in  even-aged  stands, 
with  their  bell-shaped  distribution  curves,  from  that  in  many-aged  stands  where 
the  trend  is  J-shaped.  However,  a  simple  way  to  check  the  adequacy  of  an 
existing  distribution  of  diameters  in  a  many-aged  forest  is  to  compare  it  directly 
with  Liocourt's  geometrical  progression  using  a  q  value  of  1.5  for  loblolly 
pine.    See  also  table  24,  of  chapter  6,  Growth  and  Yield. 
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In  the  face  of  continuous  change  in  woods  and  mill  technologies 
and  product  markets,  the  forester  must  be  prepared  to  make  periodic 
economic  analysis.  Interest  rate  is  important  to  a  forest  manager 
in  his  long-range  planning.  The  rate  consists  of  four  main  elements : 
(1)  the  pure  or  risk-free  rate,  (2)  the  risk  rate  to  insure  against 
loss  of  income  or  principal,  (3)  the  profit  rate  to  induce  investment 
capital  to  shift  from  low  risk  to  higher  risk  in  anticipation  of  greater 
profit,  and  (4)  the  time-preference  rate  which  indicates  the  relative 
importance  attached  to  present  versus  future  cash  funds.  Separate 
estimates  of  these  elements  lead  to  selection  of  a  rate  appropriate 
for  a  given  forestry  undertaking  (Guttenberg  1950). 

Cost  and  returns  in  growing  loblolly  pine 

The  general  trend  in  the  price  paid  for  stumpage  continues  up- 
ward as  the  years  go  by.  Stumpage  price  bid  for  national-forest 
timber  tends  to  increase  with  the  total  volume  offered  in  a  sale  and 
with  its  concentration  in  terms  of  cut  per  acre,  and  to  decrease  with 
increases  in  the  ratio  of  hardwood  included  with  the  pine  (Gutten- 
berg 1956).  In  private  transactions  stumpage  prices  increase  less 
with  the  cut  per  acre  than  with  the  size  of  the  trees  sold  (Cruikshank 
and  Anderson  1955).  Working  time  requirements  per  unit  of  prod- 
uct, either  saw  logs  or  pulpwood,  increase  with  a  decrease  in  the 
average  size  of  trees  handled. 

In  the  first  8  years  of  managing  a  typical  loblolly  pine-hardwood 
forest  at  Crossett,  Ark.,  the  timber  cut  had  an  average  market  value 
of  $14.55  per  acre  per  year  (Reynolds  1947a).  There  the  man-hours 
required  per  acre  annually  averaged  5.30  to  fell  and  buck  the  pines, 
and  as  much  again  to  skid,  load,  and  deliver  timber  to  the  mill. 
Another  0.9  man-hour — for  supervision,  inventory,  marking  trees, 
scaling  logs,  and  fire  protection — brought  the  total  to  11.5  man-hours 
per  acre  annually  (Reynolds  1942).  For  that  forest  it  was  estimated 
that,  if  labor  were  employed  45  weeks  of  the  year,  8  hours  per  day, 
5  days  per  week,  then  the  average  size  of  crew  needed  full  time  per 
1,000  acres  of  managed  woodland  would  be  6.4  men.  The  use  of 
chain  saws  and  other  mechanized  equipment  in  recent  years  has 
reduced  this  estimate  somewhat. 

The  need  for  access  roads  and  competent  supervision  in  silvicul- 
tural  operations  should  not  be  overlooked.  The  cost  of  these  items 
is  sometimes  relatively  large.  The  annual  per-acre  costs  of  selective 
timber  management  on  the  Crossett  demonstration  forest  in  1956 
totaled  about  one  dollar  itemized  in  descending  order  as  follows 
(Reynolds  1951c)  : 
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Cents 

Road  depreciation  and  maintenance   32.0 

Timber  marking  and  sales   15.0 

Taxes    15.0 

Timber  stand  improvement   13.3 

General  supervision   9.4 

Fire  protection   8.0 

Automobile  depreciation  and  maintenance   -4.2 

Cruise  and  management  plan   3.0 


Total...  .   99.9 

The  time  requirements  for  some  of  the  common  cost  items  in 
silviculture  have  been  collected  and  median  estimates  given  for  a 
wide  area  by  Worrell  (table  39).  Fortunately  the  most  time  con- 
suming item,  planting,  can  usually  be  avoided.  Xote  that  hand 
planting  requires  4  or  5  times  as  much  labor  as  machine  planting. 
Marking  trees  individually  for  harvest  requires  little  time,  costs 
less  than  a  dollar  per  thousand  board  feet,  and  should  not  be  ne- 
glected. The  median  cost  per  mile  of  boundary  line  was  reported  at 
$40  to  establish  and  $6  to  remark.  Access  roads  are  often  a  major 
item  of  expense.  The  median  cost  per  mile  for  them  was  $750  to 
construct,  and  $90  annually  to  maintain  them. 

To  plan  and  supervise  all  of  this  work  there  should  be  at  least 
one  technical  forester  per  25,000  acres.  He  should  have  a  non- 
technical assistant — both  men  provided  with  a  car  or  truck  (Reynolds 
1943a,  1952a). 

After  the  timber  has  been  grown  considerable  labor  is  needed  to 
harvest,  manufacture,  and  deliver  lumber  to  a  building  site.  Broad 
averages  to  cover  this  in  the  southern  pine  belt  are  as  follows 
(Lowther  and  Murray  1946)  : 

Labor  per  Labor  per 

thousand  thousa?id 

Woods  to  building     board  feet  Woods  to  building  board  feet 

site             (man-hours)  site  (man-hours) 
Additional 

Conversion:  handling: 

Logging                   14.6  Rail  transport . .  5.7 

Milling                      9.5  Hauling  to  the 

Seasoning                  6.7  building  site  1.5 


Planing   6.4 

Shipping   2.3  Total   48.4 

Selling   1.7 

Intensity  of  forestry  measures 

Xo  economic  appraisal  of  benefits  from  silviculture  can  be  wholly 
valid  without  more  long-term  experience  with  successive  cuts  than  is 
so  far  available.  Even  so.  the  income  that  now  can  reasonably  be 
expected  from  a  forest  when  yields  are  sustained  is  an  inducement 
to  increase  yields  through  intensified  practice. 
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Table  39. — Median  labor  time  and  median  total  costs  per  treated  acre  of 
certain  forestry  operations  in  eleven  southern  states  in  1952  as  reported 
to  the  school  of  forestry  at  Athens,  Ga.  (Worrell  1953a)1 


Labor  requirements 


Total  costs 


Sample 

Sample 

Labor, 

Operation 

No.  1 

Range  in 

Median 

No.  2 

material,  & 

Median 

Reports 

time 

time 

Reports 

equipment 

cost 

JVLan- 

Man- 

A/ ijwihpv 

IV  it  I/ tuoi 

itUUI  o 

hours 

iV  umber 

JJoltars 

Dollars 

Control  burning 

13 

0.1-  1.0 

0.3 

12 

0  09-  0  46 

0.21 

Site  preparation  for 

natural  reseeding  by — 

A 
U 

n  s  j.  n 

U  .  o-  t . u 

0 

4  .  UU-  o  .  ou 

EC    ^  C 

0.-0 

Q 

o 

U . 4U-  1 . 84 

0.50 

Planting  open  land  by — 

Hand  

26 

3 . 8-20 . 0 

10.0 

13 

7.50-19.45 

9.12 

Machine  

24 

1.1-  5.3 

2.0 

21 

5.00-10.58 

6.65 

Planting  cutover  land 

by- 

Hand  

20 

2.0-24.0 

11.0 

10 

6.01-11.91 

8.66 

Machine  

12 

1.1-  6.0 

2.8 

8 

6.16-  9.00 

7.25 

Control  of  composition 

through  release  by — 

Cutting  undesirable 

trees  

9 

2.2-10.6 

4.0 

5 

3.25-  5.55 

4.17 

Poisoning  large  trees. 

17 

0.1-  7.5 

2.4 

8 

3.30-10.00 

5.25 

Poisoning  small  trees . 

19 

0.8-12.0 

4.0 

11 

3.70-  8.00 

4.77 

Girdling  large  trees .  . 

17 

0.3-12.0 

3.0 

15 

0.88-  8.00 

3.00 

Girdling  small  trees .  . 

14 

1.7-16.0 

4.0 

11 

1.98-  6.22 

4.50 

Marking  trees  for — 

Thinning  

25 

0.3-  2.6 

0.5 

5 

0.20-  1.73 

0.45 

Improvement  cut .... 

27 

0.2-  2.7 

0.4 

2 

0.20-  0.42 

0.31 

Seed-tree  cut  

17 

0.1-  1.5 

0.3 

1 

0.66 

Selection  cut  

21 

0.2-  3.0 

0.5 

2 

0.42-1.50 

0.96 

1  Based  on  information  from  85  returned  questionnaires.  In  each  instance  half  the  reports  were  higher  and  half 
were  lower  than  the  "median"  estimate  shown  above.  The  rate  for  labor  in  the  estimates  of  total  costs  ranged  from  75 
cents  to  $1.00  per  hour. 

In  managing  a  given  tract  where  pine  reproduction  free  to  grow 
is  abundant,  heavy  investments  in  silviculture  well  may  be  avoided 
during  early  years  only.  Net  returns  from  fairly  well  stocked  lob- 
lolly pine  lands  of  site  index  50  to  80  increase  both  with  land  quality 
and  with  the  intensity  with  which  immature  timber  is  managed  (fig. 
83  and  table  40).  The  incentive  to  apply  intensive  practice  first  to 
good  sites  and  eventually  to  all  of  the  managed  lands  is  manifest.114 

As  to  the  scale  of  operation,  the  revenue-cost  ratios  indicate  some 

advantage  for  the  larger  forest  holdings.    To  utilize  capital  with 

equal  efficiency  small  woodland  owners  apparently  need  propor- 

114  This  study  in  Georgia  (Worrell  1956)  assumed  (1)  capital  and  labor  both 
available  in  adequate  quantities  at  prevailing  prices,  (2)  a  3  percent  interest 
and  discount  rate,  (3)  fire  protection  for  all  managed  lands,  (4)  yields  from 
well-stocked  stands  at  80  percent  of  normal  and  from  understocked  stands  at 
70  percent  normal. 
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tionately  more  good  land  than  do  the  larger  ones  (table  41).  Mnch 
depends,  however,  on  managerial  skill  available.  For  various  reasons 
many  owners  of  small  woodlands  are  not  yet  interested  in  forestry. 
A  forest  farmer  who  knows  how,  can  manage  a  small  woodland  effi- 
ciently, and  a  large  owner  can  hire  professional  assistance.  In  be- 
tween are  holdings  too  complex  for  family-type  operation  but  too 
small  to  justify  hiring  staff  specialists.  On  these  holdings  part  time 
assistance  from  extension,  industrial,  or  consulting  foresters  is  be- 
coming increasingly  available. 
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Figure  83. — Discounted  economic  rent  ("soil  rent")  from  present,  pine  stands 
resulting  from  four  levels  of  management:  A,  intensive  silviculture;  B, 
minimum  to  retain  pine;  C,  protection  and  seed  trees;  and  D,  fire  protec- 
tion only  (Worrell  1956). 


According  to  Wheeler  (1952)  it  is  unlikely  that  the  average  an- 
nual value  received  per  acre  for  pulpwood  alone,  in  a  rotation  as 
short  as  35  years,  can  approach  even  half  the  annual  value  that 
can  be  grown  in  somewhat  longer  rotations  producing  saw  logs  and 
using  intermediate  thinnings  and  tops  for  pulpwood.  According  to 
Cloud  pulpwood  returns  from  loblolly  pine  are  highest  during  35 
years  in  a  pulpwood  rotation  and  a  sawtimber  rotation  should  not 
be  less  than  60  years  with  money  at  3  or  4  percent  invested  in  the 
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Table  40.— Present  net  values  of  future  returns  per  dollar  invested,  and  per 
acre  managed,  as  influenced  by  the  intensity  of  practice  in  growing  lob- 
lolly pine  in  Georgia  (Worrell  1956 )1 

RETURNS  PER  DOLLAR  INVESTED  DURING  A  ROTATION 


Level  of  management  intensity   fgg  Productiv*y  dass  (P*™  site  index) 

  80  70  60  50 


j  ,               .    lA  Dollars  Dollars  Dollars  Dollars 

Intensive  silviculture   2.17  1.76  1  58  lis 

Minimum  to  retain  pine   1 . 88  1 ,57  1  37  l  12 

Protection  and  seed  trees   1 . 50  1 '  25  1  06  0  85 

Fire  protection  only   1 . 66  1.17  0  84  0  49 


AVERAGE  ANNUAL  RETURN  PER  ACRE  MANAGED 


Intensive  silviculture   13.12  10.23  9  26  4  73 

Minimum  to  retain  pine   9.19  7  01  5  74  3 '  84 

Protection  and  seed  trees   1 . 90  1. 26  0  99  0  69 

Fire  protection  only   1 . 24  0 . 74  0  .58  0  28 

r>    ■    tp-  •  .   ,  Years  Years  Years  Years 

Basis:  Efficient  rotation  periods .  .      45  -50  55  -60  60  -  65  60  -  70 

usin^a^scounrate8  Sf^S"  ^  ^  lnV6Stment  ^  ^^rship  on  holdings  of  average  s.ze 

Table  41.— Beturn  per  dollar  invested  (revenue-cost  ratios )  for  well-stocked 
(i.e.,  class  A)  pine  lands  managed  intensively  (Worrell  1956) 

Size  class  of  farm  ownership^  Lanrf  productivity  class  (pine  site  index) 

 80  70  60  50 

v      ,  Dollars  Dollars  Dollars  Dollars 

Very                                              3.63             2.98  2  69  1  71 

\f«?                                           3.55            2.89  2.60  165 

Medmm                                         3.38             2.72  2.45  1  54 

Sma11                                           2.85            2.24  1.98  1.24 

operation.  With  money  at  5  percent  it  should  not  be  more  than  60 
years  (fig.  84). 114*  Obviously  a  financial  rotation— the  age  of  greatest 
returns  from  an  investment— does  not  always  coincide  with  the 
age  of  maximum  annual  growth  of  timber. 

Preliminary  theoretical  analysis  of  existing  information,  assum- 
ing reasonable  silvicultural  treatments,  indicates  how  the  forest 
rental  values  are  related  to  rotation  periods  for  loblolly  pine.  The 

n*a  Based  on  information  in  a  term  paper  prepared  in  1949  at  the  School  of 
Forestry  University  of  Georgia,  by  M.  G.  Cloud,  Jr.,  entitled  "A  financial  com- 
parison between  pulpwood  and  sawtimber  rotations  for  planted  loblolly  pine  in 
the  Georgia  Piedmont." 
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Figure  84. — Minimum  profits  expected  in  growing  loblolly  pine  sawtimber  or 
pulpwood  under  three  rates  of  interest  on  invested  money  and  each  of 
four  rotation  periods. 

so-called  forest  rent    (fig.  85)  shows  dollar  values  placed  on  the 

mean  annual  growth  in  volume  reported   (fig.  62)  in  chapter  6, 

Growth  and  Yield.    These  yearly  increments  in  dollars  represent 

the  net  returns  expected  from  continuous  successful  management 

of  loblolly  pine  in  full  stands.115    The  peaks  of  these  curves  indicate 

115  In  these  computations  Davis  (1954,  page  234)  assumed  establishment  and 
early  development  costs  at  $14  per  acre  and  administration  at  $1.03  per  acre 
annually.  In  computing  ' '  forest  rent ' '  no  interest  on  invested  capital  is 
charged  where  a  going  concern  pays  current  expenses  out  of  current  receipts. 
"Soil  rent"  (fig.  85)  is  a  different  concept,  in  which  the  expense  of  re- 
stocking bare  land  has  to  be  carried  at  compound  interest  rates.  Stumpage 
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Figure  85.— Variation  by  site  and  age  in  "  forest  rent,"  the  mean  value  of 
annual  growth  obtainable  from  an  acre  of  loblolly  pine  forest;  and 
"soil  rent,"  the  mean  yield  in  dollars  expected  from  the  management  of 
an  acre  of  loblolly  pine  soils  (from  "American  Forest  Management"  by 
K.  P.  Davis  1954.    By  permission  McGraw-Hill  Book  Co.). 

that  the  best  mean  annual  growth  and  yield  in  value  accrue  on 
good  sites  during  rotations  of  42  to  51  years,  and  on  poor  sites 
during  45  to  54  years  for  loblolly  pine. 

Economic  log  and  tree  size,  and  the  concept  of  financial  maturity 

Wherever  8-  to  10-inch  trees  or  logs  are  used  in  place  of  16-  to 
20-inch  ones  in  obtaining  a  given  volume  of  pine  lumber,  more  pieces, 
volume,  and  weight  of  wood  are  handled.  The  time  and  cost  of  each 
operation  on  the  raw  material  is  increased  from  2  to  4  times  in  pro- 
ducing the  same  amount  of  lumber.  The  values  realized  at  the  larger 
grade-lumber  mills  from  saw-log  stumpage  are  usually  negative  for 
pines  less  than  13  inches  in  d.b.h.  Small  portable  mills  apparently 
can  process  rather  small  logs  profitably,  but  maximum  profits  at  large 
mills  come  from  harvesting  sawtimber  over  18  inches  in  d.b.h.  or 
21  inches  outside  bark  on  the  stump  (Ashe  1916,  1925,  1926b,  1928, 
1930a,  1930b;  Garver  et  al.  1931;  Reynolds  et  al.  1944;  Rawls  1952)! 

The  average  size  of  saw  logs  may  be  increased  by  making  more 
pulpwood  from  small  trees  and  the  top  portion  of  large  ones.  The 
upper  limits  of  utilization  for  logs  or  pulpwood  normally  shift  ac- 
cording to  the  relative  demand  for  these  products  in  local  markets. 
A  typical  3-log  tree  has  only  21  percent  of  its  board-foot  volume 
in  the  top  log,  33  percent  in  the  middle  log,  and  46  percent  in  the 
butt  log.  Making  lumber  from  top  logs  tends  to  be  uneconomic  when 
the  market  for  low  grade  structural  material  is  slow. 

values  used  are  averages  weighted  by  the  full  stand  tree-diameter  distributions 
expected  by  Meyer  (1942,  table  13).  The  basic  stumpage  values  used  ranged 
from  $1.20  per  M  board  feet  for  7-inch  trees,  through  $12  for  12-inch  trees, 
$25.60  for  17-inch  trees,  and  $33  for  22-inch  trees. 
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It  may  be  best  to  postpone  final  harvest  of  saw  logs  in  locations 
where  the  merchantable  volnme  of  trees  14  inches  and  larger  in  d.b.h. 
is  less  than  2,000  board  feet  per  acre.  This  does  not  apply  to 
thinning  in  small  patches  of  timber,  where  the  better  13-inch  or 
smaller  trees  are  released  by  removing  the  poor  ones  for  pnlpwood. 
Good  pole-sized  pines,  with  space  to  develop,  then  grow  rapidly  in 
percentage — because  they  are  small;  in  absolute  volume — because 
height  and  diameter  both  increase;  and  in  value — because  of  in- 
creased grade  and  size  (fig.  86). 

A  study  in  east  Texas  (Clark  1952)  indicates  that  the  average 
volume  cut  per  acre,  and  the  average  size  of  log,  account  for  all 
but  4  percent  of  the  variation  in  logging  costs.  Logging  costs  (per 
MBM  Doyle)  were  as  follows: 

n   *  ,a  n     ^      in7n  i       ^100         Av.  log  (bd.  ft.)  »« 
Cost  (dollars)  =  10.70 +  Cut  ^  ft.)  W 

A  small  increase  in  log  size  reduced  logging  cost  far  more  than  a 
small  increase  in  the  volume  cut  per  acre.  At  any  given  cut  per 
acre,  an  increase  of  10  board  feet  in  the  average  log  reduced  costs 
$1  per  M  board  feet.  Cutting  less  than  1,100  board  feet  per  acre 
was  relatively  costly,  but  a  sixfold  increase  in  the  cut,  i.e.,  1,100  to 
6,600  board  feet,  decreased  costs  per  M  by  only  83  cents. 

Well-stocked  even-aged  stands  may  mature  financially  for  pulp- 
wood  only  at  about  30  years  with  from  170  trees  on  the  best  sites  up 
to  about  400  (including  all  pines  down  to  y2  inch  in  d.b.h.)  on  the 
poorest  sites,  or  mature  for  saw  logs  at  about  50  years  with  120 
trees  on  good  sites  up  to  about  300  on  poor  sites  (table  25  in  chapter 
6,  Growth  and  Yield). 

Sale  value  in  timber  trees  varies,  of  course,  with  local  markets  and 
current  prices,  but  despite  these  fluctuations,  it  has  been  shown  to 
correspond  rather  closely  to  the  current  value  of  "No.  2  Common" 
lumber.117  A  readily  useful  concept  is  the  excess  in  value  of  lumber 
content  over  the  cost  of  logging  and  milling,  called  "conversion 
surplus."  The  aim  in  partial  cutting  operations  may  well  be  to 
maintain  on  each  acre  the  greatest  possible  conversion  surplus  value 

116  Felling  and  bucking  cost  $1.08  per  man-hour  and  the  skidding,  swamping 
and  loading  $1.71  per  man-hour.    The  standard  error  of  estimate  is  15  cents. 

117  Thus  the  relative  commercial  value  of  the  trees  remains  fairly  constant 
and  may  be  appraised  on  the  basis  of  their  lumber-grade  contents  in  terms  of 
the  current  price  per  M  for  No.  2C  lumber.  Index  numbers  to  be  used  in  these 
appraisals  have  been  computed  from  records  of  lumber  price  per  M  board  feet 
for  the  5  years  1947-51.  These  indices  were:  185  for'B  and  Better,  140  for 
No.  1  Common  including  C  finish,  100  for  No.  2  Common,  and  85  for  No.  3 
Common,  including  3-inch  and  thicker  timbers. 
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Figure  86.— Estimated  20-year  increase  in  volume  and  value  of  a  typical  lob- 
lolly pine  free  to  grow  on  an  average  site. 

in  trees  not  yet  financially  mature.  This  will  result  in  securing  for 
that  area  the  highest  income  that  the  desired  rate  of  return  will 
afford  (Guttenberg  and  Reynolds  1953). 

How  to  utilize  tree  size,  vigor,  and  grade  in  appraising  the 
financial  maturity  of  individual  loblolly  pine  deserves  consideration 
when  sawtimber  is  marked  for  partial  harvests.  Fixed  overhead 
costs  need  play  no  part  in  the  choice  between  alternative  uses  for 
trees  or  parts  of  trees  (Guttenberg  and  Duerr  1949).  The  most 
profitable  use  for  any  part  of  a  tree  is  that  which  yields  the  highest 
conversion  surplus.  The  rate  at  which  conversion  surplus  is  expected 
to  increase  as  trees  grow  can  indicate  maturity.  A  tree  is  financially 
mature  when  its  expected  rate  of  increase  in  conversion  surplus 
during  the  coming  cutting  cycle  falls  below  the  prospective  rate  of 
return  from  alternative  uses  of  the  capital  (Duerr  and  Vaux  1953). 
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Table  42. —  Volume?  per  tree  by  sue  class,  indices  of  their  "conversion  sur- 
plus" values,  and  percentage  increment  in  these  values  (Duerr.  Fedkiir . 
and  Guttenberg  1956 )x 


Present         Annual  rate  of  increase  in  conversion 
conversion  surplus  during  the  next  5  years 

D.h.h.  Lumber  surpha 


(inches)  per  tree  per  tree        High  vigor  Medium  vigor    Low  vigor 


Board  feet 

Index 

Percent 

Percent 

Percent 

14  

  186 

12.9 

6.8 

5.2 

3.5 

15  

  221 

15.3 

6.3 

4.8 

3.2 

16  

  256 

17.9 

6.0 

4.6 

3.1 

17  

  296 

20.8 

5.7 

4.3 

2.9 

18  

  336 

24.0 

5.4 

4.1 

2.8 

19  

  382 

27.5 

5.1 

3.8 

2.6 

20  

  427 

31.2 

4.9 

3.7 

2.5 

21  

  478 

35.3 

4.7 

3.6 

2.4 

22  

  528 

39.7 

4.5 

3.4 

2.3 

23  

  586 

44.5 

4.2 

3.2 

2.1 

24  

  644 

49.5 

3.9 

3.0 

2.0 

25  

  706 

54.7 

3.6 

2.8 

1.8 

26  

  767 

59.9 

3.4 

2.6 

1.7 

27  

  836 

65.3 

3.2 

2.4 

1.6 

28  

904 

70.8 

3.0 

2.3 

1.5 

1  These  data  assume  no  change  in  vigor  class,  log  height,  or  grade  during  5  years.  Vigor  is  classed  as  high  for  trees 
growing  2  inches  in  d.b.h.  in  5  years.  low  for  those  growing  1  inch,  and  medium  for  those  growing  about  1§  inches.  The 
table  is  for  pines  composed  of  logs  graded  1-2-3,  which  is  typical  of  young  unmanaged  stands  where  the  site  index  is 
not  above  SO. 

Without  a  close  study  of  growth,  table  42  may  be  used  as  a 
rough  guide  to  the  economic  maturity  of  loblolly  pine  trees,  if  it  be 
assumed  that  over  45  percent  crown  means  high  vigor,  under  37 
percent  crown  low  vigor,  and  intermediate  crowns  medium  vigor. 
For  example,  if  the  rate  of  return  from  alternative  nontimber  in- 
vestments is  4  percent,  the  data  indicate  that  pines  of  high  vigor  are 
mature  at  23  inches,  and  those  of  medium  vigor  are  mature  at  18 
inches  in  d.b.h.  It  will  just  pay  4  percent  interest  to  hold  typical 
managed  trees  of  these  sizes  for  one  more  cutting  cycle  before  har- 
vesting them.  At  this  interest  rate  the  low-vigor  trees  do  not 
qualify  as  sawtimber:  if  3  percent  were  satisfactory  they  would 
mature  for  saw  logs  when  16  inches  in  d.b.h.  Slow  growth  obviously 
brings  maturity  at  a  lower  diameter  than  fast  growth.  The  data  are 
conservative  because  they  assume  no  increases  in  merchantable  height 
and  quality  of  trees:  and  because  trees  of  medium  vigor,  still  capa- 
ble of  height  growth,  can  extend  their  crowns  upward  and  grow  at 
the  rate  of  the  next  higher  vigor  class  when  released.  A  premium 
is  still  paid  for  the  quality  found  in  large  trees. 

On  good  sites  certain  young  well-formed  loblolly  pine  crop  trees 
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less  than  13  inches  in  d.b.h.  tend  to  increase  in  log  length  and  grade. 
A  third  log  usually  develops  at  about  14  inches  and  a  fourth  at  18 
inches  d.b.h.  on  dominant  trees  in  uncut  stands  and  on  many  sub- 
dominants  after  release  through  cutting.  On  sites  of  index  85  or 
more  4-log  trees,  graded  1-2-3-3  or  1-1-2-3,  become  common.  Thus 
certain  timber  trees  progressively  improve  in  quality  as  they  add  logs 
white  growing  from  12  to  24  inches  in  d.b.h.  The  accompanying  40- 
year  increases  in  the  expected  value  of  such  trees  steps  up  the  annual 
rate  of  increase  in  conversion  surplus,  somewhat  above  that  indicated 
in  the  last  2  columns  of  table  42,  as  follows: 


Annual  rate  of  increase  in 
conversion  surplus 

Tree  quality  by  grade  With  increase  Without  increase 
and  position  of  logs         in  height  in  height 

/.D-b-h:  ~  and  grade  and  grade 

(inches)  Butt  2nd    3rd    Top         {percent)  (  t) 

12  2  3  —  —  H.2  5.6 

14  2  2  3  -  7.9  5.1 

16  1  2  3  -  7.1  4  6 

18  1  2  3  3  5.2  4*1 

20  1  1  3  3  4.9  3  9 

22  1  1  2  3  4.3  3.6 

24  1  1  1  3  -  3.3 

Usually  the  ultimate  merchantable  length  of  a  tree  is  apparent  by 
the  time  it  reaches  15  to  17  inches  d.b.h.  and  the  period  of  rapid 
grade  change  is  over  when  it  reaches  22  to  24  inches. 

In  separate  sections  of  a  tree  the  surplus  in  conversion  value 
decreases  upward.  This  decrease  in  the  surplus  is  sharp  for  saw  logs 
and  less  pronounced  for  pulpwood.  Hence  the  top  sections,  often 
unprofitable  for  saw  logs,  are  best  utilized  for  pulp. 

In  designating  trees  to  be  cut  for  saw  logs  under  5-year  cutting 
cycles,  a  simplified  guide  (Duerr  et  al.  1956)  to  the  diameter  groups 
with  which  loblolly  pines  mature  may  be  useful : 

« 

D.b.h.  range  at  financial  maturity  when  alternative 
rale  of  return  is — 

Vigor  class           3  percent  4  percent  5  percent 

( inches)  ( inches )  (inches ) 

High                          25-29  21-25  18-21 

Medium                     21-25  16-20  14-16 

Low                           14-18  —  _ 

In  each  instance  the  range  is  to  cover  the  spread  in  value  which 
accompanies  the  usual  variations  in  log-height  and  tree  grade. 

These  economic  concepts— conversion  surplus  in  trees  and  finan- 
cial maturity  in  stands  of  timber— have  their  limitations.    They  are 
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best  utilized  only  within  the  requirements  of  the  silvicultural  system 
and  program  of  regulation  adopted  for  a  forest.  They  must  be  ap- 
plied with  considerable  flexibility,  especially  to  individual  trees,  if 
the  welfare  of  stands  as  a  whole  is  given  due  consideration,  and  if 
the  forest  is  to  be  molded  in  definite  form  to  sustain  yields.  Young 
released  trees  have  a  strong  capacity  for  recuperation  that  is  difficult 
to  forecast  accurately.  Hence  contrasts  in  the  expected  rate  of 
change  in  conversion  surplus  are  most  useful  to  timber  markers 
only  when  choosing  between  adjacent  trees  that  appear  to  be  other- 
wise silvically  comparable. 

Optimum  stocking  for  profitable  operation 

A  question  that  arises  inevitably  in  long-term  management  is 
how  far  to  build  up  stocks  before  starting  to  harvest  the  full  amount 
of  annual  timber  growth.  As  in  other  businesses  maximum  net  re- 
turn is  a  common  objective. 

A  "marginal  growth"  method  for  computing  the  most  economical 
stocking  to  use  in  growing  loblolly  pine  under  the  selection  system  is 
useful.  It  is  based  on  the  principle  that  profit  will  be  maximized 
by  building  up  growing  stocks  to  the  point  where  the  last  addition 
just  pays  for  itself  in  added  value  growth.  A  decision  to  retain  or 
liquidate  any  recent  additions  to  stock  may,  in  this  manner,  be 
based  on  the  rate  the  additional  volume  alone  can  earn  currently. 
The  method  may  be  employed  where  certain  information  on  aims, 
rates  of  growth,  cost  of  production,  and  value  of  timber  can  be  made 
available. 

As  a  prerequisite  for  application  of  the  marginal  growth  method, 
the  policy  adopted  by  a  forest  owner  should  first:  (1)  Specify  the 
maximum  size,  quality,  and  use  to  be  made  of  crop  trees,  (2)  decide  on 
a  favorable  distribution  of  sizes  needed  to  attain  the  desired  produc- 
tion, (3)  determine  the  marginal  values  and,  if  possible,  growth 
in  values  obtainable  in  relation  to  degree  of  stocking,  and  (4)  recog- 
nize a  guiding  alternative  rate  of  return — the  so  called  marginal 
cost  (MC). 

To  illustrate  this  method  Duerr  and  Bond  (1952)  present  an 
example  with  these  assumptions:  (1)  Product — saw-log  trees  of  rea- 
sonably good  quality  from  10  to  24  inches  in  d.b.h.,  (2)  a  J-shaped 
distribution  of  diameters  with  a  stand  factor  ("q  value")  of  about 
1.2,  (3)  diameter  growth  of  2.0  inches  in  5  years  at  5,000  board- 
foot  stocking  and  growth  reduced  0.1  inch  for  each  additional  1,000 
board  feet  of  stock,  (4)  unsalvagable  mortality  insignificant,  and 
(5)  alternative  rate  of  return  4  percent. 
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STOCKING  PER  ACRE  (M  BD,  FT,  INT.  1/4  IN.) 
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Figure  87.— Duerr's  method  of  determination  of  economic  optimum  stocking. 
It  is  a  graphic  procedure  to  utilize  first  a  curve  of  current  value  growth, 
A,  from  local  valuations  (table  43,  last  column)  to  construct,  as  explained 
in  the  text,  a  second  curve,  B,  of  marginal  value  growth.  The  predeter- 
mined alternative  rate  of  return  is  then  located  on  the  right-hand  scale, 
thus  indicating  the  optimum  point  on  curve  B.  Directly  above  this  point 
the  optimum  stocking  may  be  read  from  the  upper  scale. 

Two  monetary  values  are  basic  to  a  determination  of  marginal 
revenue:  (1)  The  per-acre  increase  in  total  net  value  obtainable 
from  current  stock— through  an  anticipated  unit  addition  to  the 
volume  of  that  growing  stock— is  called  "marginal  value"  (MY), 
and  (2)  the  per  acre  increase  in  current  annual  value-growth  that 
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will  accompany  such  an  increase  in  stock  value,  called  "  marginal 
value  growth"  (MVGn).  Then  the  marginal  revenue  (MB)  or  ratio 
between  these  two  values  in  terms  of  simple  interest  would  be : 

100  (MVG)_ 

(MY)  ~  {ME) 
When  this  percentage  (MB)  is  converted  to  its  equivalent  compound 
interest  rate  it  is  directly  comparable  to  the  alternative  business 
rate  (MC)  mentioned  above.  If  (MB)  is  greater  than  (MC)  it 
indicates  that  still  further  additions  to  stock  are  desirable  before 
removing  the  full  volume  of  growth  annually. 

The  hypothetical  data  in  table  43,  together  with  the  graphic 
procedure  in  figure  87,  illustrate  this  economic  ''marginal-growth" 
method  of  solving  the  moot  question  of  the  most  favorable  stocking 
in  growing  loblolly  pine  timber.  The  seven  estimates  of  current 
value  growth  define  curve  A.  From  curve  A  curve  B  is  derived  as 
follows :  The  slope  of  the  hypotenuse  of  the  test  triangle  shows  the 
rate  of  value  increase  represented  by  curve  A  at  an  arbitrarily  se- 
lected sample  point.  The  point  of  tangency  in  this  instance  desig- 
nates a  stand  of  10,200  board  feet  (upper  scale)  worth  $475  per 
acre  flower  scale).  The  vertical  leg  of  this  right  triangle  bears  a 
value  read  as  an  intercept  (from  the  left-hand  scale).  Xote  that 
the  hypotenuse  slopes  at  the  rate  of  0.159  per  unit  of  value  (lower 
scale).  This  equals  the  interest  accumulated  on  $1  at  3  percent 
compounded  for  5  years.  Thus  determined  the  3  percent  point  is 
plotted  on  the  ordinate  for  $475  to  fix  the  first  point  in  locating 
curve  B.  Other  points  plotted  in  like  manner  determine  the  posi- 
tion of  curve  B  as  a  straight  line.  Then  opposite  4  percent,  the 
alternative  rate  for  this  enterprise,  is  the  point  which  indicates  on 
the  upper  scale  a  desirable  stocking  of  about  9,000  board  feet  for 
the  beginning  of  a  cutting  cycle.  By  this  method  the  optimum  grow- 
ing stock  is  that  whose  marginal  value  growth  percent  equals  the 
alternative  rate  of  return. 


OTHER  MANAGEMENT  CONSIDERATIONS 

Tools  and  mechanized  equipment 

Progress  in  mechanization  in  producing  loblolly  pine  pulpwood, 
accelerated  by  labor  shortage  during  World  War  II,  has  continued 
as  a  result  of  the  higher  wages  paid  for  lighter  work  by  other  in- 
dustries. Small  powerful  direct-drive  chain  saws  are  widely  used 
in  the  forest  to  fell,  buck,  and  limb  trees.  The  shift  to  power  to 
save  labor  and  to  increase  production  per  man-hour  is  extensive. 
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Table  43. — Illustrative  per-acre  volume,  value,  and  growth  data  for  local 
determination  of  optimum  stocking  of  loblolly  pine  (Duerr  and  Bond 
1952) 


Volume  Value1 


—     Current  value 

Xr 

After  5  year 

s             Now  .4. 

fUr  5  yean 

t  growth 

Bd.  ft* 

Bd.  ft* 

Dollars 

Dollars 

Dollars 

5.000 

7.340 

210.00 

317. 30 

107.30 

6.000 

S.670 

257.30 

382.30 

125.00 

7.000 

9.960 

306.50 

447.50 

141.00 

8,000 

11.190 

357.40 

512.70 

155.30 

9.000 

12.3*0 

410.10 

577. SO 

167.70 

10.000 

13.520 

464.70 

642. SO 

178.10 

11.000 

14.610 

521.00 

707. 30 

186.30 

1  Lomber  sail 

T.~.          ::  zz  .■z.i.'...z.  ZzZ—rZ  "z  .z' 

reraon  surplu 

s. 

2  International  j-mch  rule. 

When 

the  costs  of 

cross-cut  and  chain  saw  operations  were  coni- 

pared  in 

the  eastern 

Piedniont   |  Goodwin 

1947  . 

the  totals  were 

nearly  the  same,  bnt  the  chain  saws  were  faster.  The  time  require- 
ment per  cord  was  1.21  man-hours  less.  A  five-man  crew  with  chain 
saws  was  most  efficient — making  a  cord  of  pulpwood  in  51.4  percent 
of  the  time  it  took  with  cross-cut  saws.  The  mechanization  of  felling 
and  bucking  operations  is  here  to  stay,  but  many  fanners  cutting 
less  than  100  cords  annually  may  rent  chain  saws  because  they  do 
not  handle  enough  wood  to  cover  depreciation  on  such  equipment. 

Skidding  also  is  increasingly  mechanized.  Although  horses  are 
still  used  on  rolling  terrain  and  in  farming  districts  where  woods 
work  is  a  part-time  operation,  full-time  producers  prefer  tractors. 
The  tractors  are  commonly  used  in  bunching  the  wood  with  sleds, 
skids,  wagons,  and  trailers  at  points  convenient  for  loading  on  trucks. 
The  sleds  are  used  in  wet  places  and  times  where  no  other  convey- 
ance will  work.  In  using  crawler  tractors,  track  maintenance  is  high 
on  sandy  soils,  and  wheel  tractors  with  "  bombardier"  tracks  fan 
attachment  of  half-track  type  to  increase  traction  )  may  be  preferred. 
The  wheel  tractor  entered  the  logging  field  in  competition  with  the 
crawler  because  of  its  low  initial  cost,  higher  speeds,  and  favorable 
maneuverability.  However,  unless  they  are  designed  specifically  for 
logging  duty,  maintenance  is  high  and  the  life  of  wheel  tractors 
short  in  woods  operations.  Steel  wheels  or  tracks  damage  more 
timber  than  do  rubber  tires.  To  withstand  unavoidable  snagging, 
the  tires  need  to  be  10-ply  or  more.  Wheels  with  lugs  have  not 
been  surpassed  for  maximum  traction,  but  a  combination  of  pneu- 
matic tires  and  spade  lugs  permits  faster  operation  |  Knapp  1946). 
The  wheel  tractor  seems  to  be  at  its  best  in  medium-sized  timber. 
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or  down-grade  slopes  of  10  to  20  percent.  Down  slopes  over  40  per- 
cent and  skid  loads  over  700  board  feet  are  beyond  the  limits  of 
wheel  tractors  (Cobb  1957). 

Crawler  tractors  are  available  for  skidding  in  a  wide  range  of 
horsepower  and  weight.  Some  logging  crawler  tractors  are  heavy 
and  equipped  with  a  bulldozer  blade,  but  lighter  ones  are  usually 
preferred  in  pulpwood  harvest.  A  log-carrying  tractor  on  a  raised 
frame  with  a  4-foot  clearance  for  attaching  logs  between  rear  wheels 
8  feet  apart  is  an  indication  that  this  equipment  is  undergoing 
specialized  development  (Smedberg  1947).  Worthington  (1939) 
found  that,  in  moving  loblolly  pine  logs  over  distances  of  1.000  feet 
or  more,  ground  skidding  is  less  efficient  than  pan  or  arch  skidding 
with  crawler  tractors.  In  each  such  case  the  costs  were  lowest  where 
a  modified  relay  system  was  used,  and  a  team  and  teamster  helped  to 
concentrate  the  load  prior  to  tractor  transportation  to  a  landing. 
An  outstanding  feature  of  the  operating  cost  with  tractor  equipment 
is  the  fact  that  only  about  one-fourth  is  for  labor.  An  equal  amount 
is  needed  to  cover  ownership  costs  of  depreciation,  interest,  taxes, 
and  insurance.  The  remaining  half  is  for  fuel,  maintenance,  sup- 
plies, and  transportation  of  the  crew  f Worthington  1939). 

Skidding  prior  to  bucking  has  come  into  practice  largely  be- 
cause it  reduces  costly  maneuvering  for  a  truck  in  the  woods.  A 
considerable  saving  is  possible  by  skidding  pulpwood  in  tree  lengths. 
Where  items  other  than  pulpwood  can  be  used  or  sold,  the  concen- 
tration of  bucking  at  the  loading  deck  has  another  outstanding 
advantage.  It  can,  if  an  experienced  operator  is  available,  facilitate 
more  advantageous  sectioning  of  tree  lengths  by  recognizing  all 
grades  of  material  and  diverting  each  to  its  best  use. 

A  loader  mounted  on  a  truck  may  be  used  to  advantage  where 
the  cut  is  light.  The  transfer  of  short-length  wood  from  sled  or 
wagon  to  truck  remains  largely  a  hand  operation  in  the  Piedmont, 
but  special  machines  have  recently  been  installed  successfully  at  rail- 
road sidings  to  shift  wood  from  trucks  to  cars.  Mills  and  wood 
dealers  are  making  increased  use  of  concentration  yards  where  in- 
dividual truck  loads  are  received,  paid  for.  and  reloaded  mechan- 
ically (Jeffords  1956).  In  handling  material  skidded  in  tree  lengths, 
both  the  mobile  pulpwood  harvesters  in  the  forest  and  the  multiple 
saw  slashers  in  mill  yards  save  labor  where  a  supply  of  wood  is  con- 
tinuously available  to  them  (Jones  1947). 

The  loading  of  logs  by  crosshaul  on  a  stationary  trailer  truck 
represents  a  loss  in  transportation  time  if  it  can  be  avoided.  Where 
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the  hauling  distance  is  not  over  10  miles,  the  time  spent  in  loading 
an  idle  truck  may  be  sufficient  for  a  round  trip  to  deliver  wood.  The 
remedy  may  be  found  in  an  iron  standard  to  support  an  extra  de- 
tached trailer  while  it  is  being  loaded  (Reynolds  1939c).  For 
similar  reasons  multiple  pallet  loading  now  is  being  used  more  and 
more  to  speed  the  delivery  of  pulpwood  (Wright  1955,  Guttenberg 
and  Perry  1957). 


Quality  and  spacing  of  forest  roads,  like  the  selection  of  logging 
equipment,  materially  affect  production  costs.  On  many  loblolly 
pine  sites  in  the  Coastal  Plain,  truck  logging  is  essentially  a  dry 
weather  operation  unless  the  timber  is  adjacent  to  gravel,  pave- 
ment, or  other  hard  surface  roads.  During  years  of  average  rain- 
fall in  Arkansas,  truck  logging  ceases  from  about  December  15  to 
April  15  except  over  all-weather  or  especially  constructed  hauling 
routes.  Hauling  logs  over  gravel  or  hard  surface  roads  costs  roughly 
20  percent  less  than  over  graded  dirt  roads.  Hauling  them  costs  at 
least  twice  as  much  over  woods  roads  as  over  graded  dirt  roads 
(Reynolds  1951b).  The  cost  of  hauling  1,000  board  feet  is  greater 
for  small  than  for  large  logs.  Likewise  in  delivering  pulpwood,  the 
loading,  hauling,  and  total  costs  per  cord  are  somewhat  greater  for 
small  than  for  large  loads,  and  for  light  than  for  heavy  trucks. 
Consequently  an  investment  in  good  roads  is  essential  to  any  opera- 
tion designed  to  perpetuate  timber  yields. 

How  to  space  logging  roads  in  a  loblolly  pine  forest  so  that  the 
investment  in  them  will  be  repaid  during  a  reasonable  period  through 
economy  in  logging  costs  may  be  computed  with  the  following  for- 
mula (Matthews  1942,  page  227)  : 


S  =  road  spacing  in  hundreds  of  linear  feet 

R  =  road  cost  of  construction  per  mile  (dollars) 

V  =  volume  of  timber  in  M  board  feet  to  be  removed  per  acre. 

C  —  cost  of  moving  1,000  board  feet  from  stump  to  road  (dollars 

per  100  feet  of  distance) 
In  using  the  formula  for  pulpwood,  substitute  2  cords  for  1  M 
board  feet  (Reynolds  1941c).118 

118  Reynolds'  original  article  tabulates  the  solution  of  this  formula  for  road 
building  costs  from  $50  to  $300  per  mile,  three  average  log  sizes  between  60 
and  100  board  feet,  and  seven  degrees  of  cutting  between  1,000  and  10,000 
board  feet  per  acre,  under  each  of  two  woods-hauling  conditions,  good  and 
poor. 


Roads 


Where : 
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A  typical  example  of  how  this  problem  may  be  resolved  follows. 
Extracting  logs  averaging  60  board  feet  each,  from  consolidated 
forest  holdings  under  poor  woods-hauling  conditions,  and  over  roads 
that  cost  $140  per  mile  to  build,  the  routes  should  be  spaced  about 
%  mile  apart  if  3,000  board  feet  per  acre  is  to  be  removed,  or  every 
12  mile  if  twice  as  much  is  to  be  harvested.  This  spacing  assumes 
ownership  of  all  lands  through  which  the  roads  pass.  If.  owing  to 
interspersed  farms  or  other  adverse  ownerships,  a  forest  holding 
covers  only  half  the  area,  the  distance  between  roads  is  increased 
about  40  percent.  This  necessitates  longer  hauls  and  about  doubles 
the  cost  of  hauling. 

The  formula  must  be  modified  when  applied  to  perpetual  forestry 
operations.  Where  yields  can  be  sustained  while  cutting  each  10 
years  a  given  volume,  V,  beginning  1  year  hence,  the  formula  should 
be: 

8  =    <  0.3318 
\  2A66YC 

Conversion  to  lumber  and  other  products 

Sound  decisions  as  to  which  loblolly  pine  trees  or  parts  of  trees 
should  be  cut  for  saw  logs  or  converted  into  pulpwood  depend  upon 
relative  "conversion  surplus"  values  (see  preceding  section  "Eco- 
nomic log  and  tree  size,  and  the  concept  of  financial  maturity")  as 
affected  primarily  by  the  upper  limits  of  utilization  in  trees  (fig.  99 
in  chapter  10.  Properties  and  Uses). 

For  the  smallest  pulpwood  trees  it  has  been  shown  (Chapman 
1942b)  that  reduction  of  the  upper  limit  from  4  to  3  inches  saves 
much  wood  otherwise  left  in  the  forest.  For  example,  this  reduction 
increases  the  volume  extracted  from  9-inch  trees  only  3.4  percent, 
but  it  increases  it  over  10  percent  from  6-inch  trees  and  nearly  21 
percent  from  5-inch  trees. 

In  harvesting  mature  trees,  however,  the  highest  net  values  often 
can  be  realized  as  readily  by  saving  labor  as  by  saving  wood.  Close 
supervision  to  develop  skill  in  cutting  logs  can  augment  both  the 
volume  and  quality  of  lumber  recovered.  Without  power  saws  less 
of  the  stump  and  less  of  the  top  can  be  utilized  from  large  trees. 
When  the  tops  of  saw-log  trees  are  used  for  pulp,  heavy  limbs  and 
knotty  wood  add  greatly  to  the  work  unless  the  level  of  the  top  cut 
is  lowered  and  its  diameter  increased  from  3  or  4  to  6  or  more  inches 
( appendix,  table  70). 

Sawmills  produce  additional  waste  from  defect,  slabs,  edgings, 
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and  kerf  seldom  effectively  utilized  table  49,  chapter  10.  Properties 
and  Uses).   This  is  reduced  for  the  larger  16-foot  logs  as  follows: 

Log  scale 
\  ol utile  

Saw-log  scaling        of  Int.  Rough  Utili- 

dia meter 'inches)     wood  Doyle  ^-in.  lumber  zation 

(cu.ft.)  (bd.ft.)  (bd.ft.)  (M.ft.)  (-percent) 

10                        10.1  36  65  63  52 

14                        18.4  100  135  130  59 

18                         32.8  196  230  240  61 

Success  in  reduction  of  waste  in  lumber  manufacture  depends  largely 
on  experience  of  the  sawyer  and  the  efficiency  of  his  mill.119  Sawing 
small  logs  is  relatively  expensive  everywhere.  In  the  conversion  of 
16-inch  trees,  two-thirds  of  the  total  labor  required  from  stump  to 
railroad  ears  is  incurred  after  the  sawing  has  been  completed.  It 
is  for  handling,  finishing,  and  disposal.  An  example  of  conversion 
time  requirements  in  the  forest  of  the  Coastal  Plain  and  at  two  types 
of  mills  is  shown  in  figure  SS.  It  is  well  to  realize  that  while  direct 
costs  of  manufacture  are  somewhat  more  at  small  mills,  the  fixed 
and  overhead  costs  are  greater  at  the  large  mills. 

Conversion  time  studies  at  several  mills  in  South  Carolina  and 
Texas  have  related  log  size  to  time  and  cost  of  sawing  loblolly  pine. 
For  example  in  the  Piedmont,  if  the  most  common  size  of  log  handled 
has  scaling  dimensions  of  7  inches  by  12  feet.  1.000  board  feet  can 
be  sawn  in  64  minutes.  The  same  time  is  required  for  logs  10 
inches  by  8  feet ;  or  half  that  time  for  logs  that  are  16  inches  by  16 
feet    table  44.  center  section';. 

For  a  medium-sized  mill  in  east  Texas  cutting  somewhat  larger 
random  length  logs,  similar  relations  are  shown  in  table  45.  There, 
for  example,  in  1945  with  an  approximate  average  log  diameter  of 
11  inches.  1,000  board  feet  were  sawn  from  14-inch  logs  for  $5.86, 
or  90.2  percent  of  the  $6.50  it  cost  to  saw  an  equal  volume  from  11- 
inch  logs.  When  cut  from  15-inch  logs.  1.000  board  feet  cost  $5.27. 
or  only  SI  percent  as  much  as  from  the  11-inch  logs.  Because  costs 
change  markedly  with  time  and  place,  the  average  current  costs 
and  log  size  should  be  determined  separately  for  each  sawmill. 
Then  the  ratios  in  tables  44  and  45  can  be  widely  applied  to  show 
local  costs  by  log  size. 

119  A  handbook  useful  to  operators  of  small  sawmills  is  available  (Telford 
1952).  It  deals  with  types  of  equipment  available  and  how  to  install  and  use 
them.  It  applies  especially  to  mills  of  the  circular  head-saw  type  cutting  up 
to  20,000  board  feet  per  day.  It  portrays  mechanical  principles  controlling  the 
function  of  various  parts. 
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SCALING    DIAMETER  OF   16-FOOT  LOG  (INCHES) 

Figure  88. — Direct  costs  in  man-hours  for  producing  1,000  board  feet  of  south- 
ern pine  lumber  from  logs  of  different  sizes — based  on  (A)  green  lumber 
tally  at  a  circular  mill  and  (B)  finished  lumber  at  a  band  mill  (Gutten- 
berg  and  Duerr  1949). 

Marketing  wood  products 

To  dispose  of  loblolly  pine  products  effectively  and  profitably 
woodland  owners  should  give  careful  consideration  to  four  primary 
factors:  (1)  Their  methods  of  measurement,  (2)  their  choice  of 
product,  (3)  their  market  situation,  and  (4)  their  procedure  in  sales. 

A  reliable  estimate  of  both  amount  and  value  should  be  had  by 
both  parties  to  any  timber  deal.  In  measuring  logs  the  use  of  an 
inaccurate  scale  rule  may  not  be  serious  if  buyer  and  seller  are 
equally  aware  of  its  limitations.    Otherwise  certain  rules  shortchange 
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Table  44. — Relation  of  log  size  to  sawing  time  and  volume  of  mill-run  pine 
lumber  produced  in  small  Piedmont  mills  (Anderson  1954) 


SAWING  TIME  PER  THOUSAND  BOARD  FEET  MINUTES 


Log 

scali, 

no  diameter  finches) 

Log  length  (feet) 

5 

6 

7 

8 

9 

10 

11 

m 

13 

14 

15 

16 

8  

10  

107 

88 

76 

70 

67 

64 

63 

62 

61 

60 

59 

59 

84 

80 

70 

62 

58 

56 

54 

51 

50 

49 

49 

48 

12  

71 

72 

*64 

57 

52 

49 

47 

45 

44 

42 

42 

41 

14  

63 

65 

58 

52 

48 

45 

42 

40 

39 

37 

37 

36 

1  R 

64 

55 

49 

45 

41 

39 

37 

35 

34 

33 

32 

AWING 

TIME 

RATIO"  PER  M 

8  

167 

138 

119 

109 

105 

100 

98 

07 

95 

94 

92 

92 

10  

131 

125 

109 

97 

91 

88 

84 

80 

78 

75 

1  9 

ITT 

111 

112 

100 

89 

81 

73 

70 

69 

66 

66 

64 

14  

98 

102 

91 

81 

75 

70 

66 

62 

61 

58 

58 

56 

16  

97 

100 

86 

i  i 

70 

64 

61 

58 

55 

53 

52 

50 

OUTTURN  PER  LOG  f BOARD 

FEET  i 

8  

10  r  

6 

q 

13 

17 

22 

29 

36 

44 

52 

62 

79 

83 

10 

12 

16 

22 

29 

37 

46 

56 

67 

79 

92 

107 

12  

13 

15 

21 

28 

36 

46 

56 

68 

82 

97 

113 

130 

14  

16 

19 

26 

34 

43 

54 

67 

82 

98 

116 

134 

154 

16  

19 

22 

30 

40 

51 

64 

79 

96 

114 

135 

155 

179 

1  Modal  size  of  log. 

2  i.e.,  percentage  of  time  for  log  of  modal  size. 


the  man  who  sells  small  saw  logs  (fig.  89). 120  What  this  amounts  to 
in  percentage  of  board-foot  volume  recovery  from  trees  of  different 
diameters  is  shown  in  table  46. 

The  final  choice  of  products  should  be  adjusted  to  available  prices. 
To  wholesale  timber  for  a  single  product  is  convenient,  but  in  quan- 
tity it  is  less  profitable  than  to  sort  out  the  stems,  or  parts  of  stems, 
when  they  can  be  sold  separately  at  better  prices.  In  most  loca- 
tions pines  are  seldom  used  for  lumber  if  less  than  8  inches,  or  for 
pulpwood  if  more  than  14  inches  in  d.b.h.  But  between  these  sizes 
they  are  bought  and  sold  in  lively  competition  between  sawmills  and 
pulpmills.  As  in  other  crops,  the  domestic  use  or  other  disposal  of 
the  low-grade  products  may  facilitate  profitable  commercial  sale  of 
the  higher  grades.  Nevertheless  owners  often  forego  extra  profit  be- 
cause they  neglect  proper  comparison  of  basic  prices. 

120  In  the  work  on  which  figure  89  is  based  log  diameters  were  scaled  inside 
the  bark,  except  in  the  use  of  the  Doyle  rule  which  followed  the  Texas  practice 
of  measuring  to  the  nearest  inch  outside  bark  above  8  inches,  while  the  8-inch 
and  smaller  logs  were  given  their  length  as  their  scale  (Gregorv  and  Person 
1949). 
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Table  45. — Percent  of  average  log-sawing  cost  per  M  board  feet  Doyle  scale 
or  mill  tally  for  sawing  pine  logs  of  different  average  size1  ( Gregory 
and  Person  1949 ) 


Mill  tally  by  size  of  average  Doyle  log  scale  by  size  of 

log  (inches)  average  log  (inches) 

Log  diam.  (inches)     

9         10        11         12  9         10        11  12 


Percent  Percent  Percent  Percent  Percent  Percent  Percent  Percent 


6    132.5  141.0  147.9  154.1  111.1  131.4  150.4  169.3 

7    120.4  128.1  134.4  140.0  137.9  163.1  186.6  210.0 

8   108.9  115.9  121.6  126.7  129.4  153.0  175.1  197.1 

9    100.0  106.4  111.7  116.3  100.0  118.3  135.3  152.3 

10   93.9  100.0  104.9  109.3     84.5  100.0  114.4  128.8 

11   89.5     95.3  100.0  104.2     73.9  87.4  100.0  112.6 

12    86.0     91.5  96.0  100.0     65.6  77.6  88.8  100.0 

13   83.2     88.6  92.9  96.8     59.9  70.8  81.0  91.2 

14   80.7     85.9  90.2  93.9     55.6  65.7  75.2  84.6 

15    78.4     83.4  87.6  91.2     52.2  61.7  70.6  79.5 

16    76.3     81.2  85.2  88.8     49.4  58.4  66.8  75.2 

17   ;  74.3     79.1  82.9  86.4     47.2  55.8  63.8  71.8 

18    72.5     77.2  81.0  84.3     45.2  53.4  61.1  68.8 


1  To  use  this  table  an  operator  must  ascertain  his  average  sawing  cost  per  M  board  feet  and  the  approximate  average 
diameter  of  the  logs.  He  can  estimate  cost  by  log-size  class  by  multiplying  his  average  by  the  factor  in  this  table  repre- 
senting the  log  size  in  question. 


Table  46. — Approximate  overrun  of  lumber  from  sound  straight  16-foot  logs, 
i.e.,  excess  of  mill  tally  over  log  scale  from  trees  of  different  sizes1 


Log  rule 

D.b.h. 

Log  rule 

D.b.h. 

(inches) 

Doyle 

Int.  l-inch 

Scribner 

(inches) 

Doyle 

Int.  \-inch 

Scribner 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

6  

366 

5 

50 

22  

9 

2 

4 

8  

150 

4 

21 

24. ..... . 

7 

2 

4 

10  

80 

4 

14 

26..  

5 

1 

4 

12  

50 

3 

9 

28.  

3 

1 

3 

14  

30 

3 

3 

30  

0 

1 

3 

16  

25 

3 

6 

32  

-1 

1 

3 

18  

17 

2 

5 

34  

-2 

0 

4 

20  

13 

2 

4 

i  Selling  Timber  Wisely.  Ga.  Agr.  Ext.  Serv.  Cir.  348.  1955. 


Data  to  implement  such  comparisons  in  single-product  sales  (Mc- 
Clay  1952,  Jiles  1957)  may  be  applied  in  the  following  manner.  One 
thousand  board  feet  equals  nearly  3  cords  (including  0.2  cord  in 
tops)  when  cut  from  12-inch  trees,  or  4  cords  when  taken  from  8- 
inch  trees  (table  47).  Where  these  ratios  are  observed  to  hold,  figure 
90  is  useful  in  price  comparisons.  For  example,  if  the  price  offered 
for  saw  logs  alone  is  $15  per  M  board  feet,  any  alternative  price 
per  cord  (including  top  wood)  less  than  $5  for  12-inch  trees  should 
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Figure  89. — Lumber  production  by  log  diameter  from  a  typical  medium-sized 
circular-saw  mill  in  east  Texas:  A,  Rough  lumber  cut  from  pine  logs;  B, 
three  log  rules  compared  on  the  basis  of  the  sawmill  overrun  and  portion 
of  the  cubic-foot  volume  retained  in  the  lumber  (Gregory  and  Person  1949). 

be  rejected.  Similarly  when  $5  per  cord  is  offered,  any  alternative 
price  per  M  board  feet  less  than  $20  for  8-inch  trees  should  be  re- 
jected. Furthermore  any  manager  who  can  withhold  his  extremely 
knotty  top  logs  from  saw-log  sales,  and  reserve  his  high-grade  butt 
logs  from  pulpwood  sales  usually  will  be  in  a  position  to  demand 
above  average  prices.  The  price  of  pulpwood  may  be  expected  to 
rise,  but  not  above  that  of  high-grade  lumber.  High-grade  lumber, 
becoming  scarce,  is  likely  to  command  increasingly  good  future  prices, 
while  poor  lumber  may  become  a  drug  on  the  market  (Worrell  1957). 
The  trend  now  is  toward  chemical  conversion  of  cheap  wood  into 
forms  more  usable  than  low-grade  lumber. 

In  preparing  loblolly  pine  products  for  sale  they  must  be  sectioned 
differently  to  take  advantage  of  commercial  grades  or  to  serve  various 
uses.  For  sawtimber  the  minimum  log  lengths  are  usually  12  feet, 
standard  16  feet,  and  maximum  22  feet  or  more — plus  a  1-inch  trim 
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Table  47. — Number  of  cords  per  M  board  feet  for  loblolly  pine  trees,  by 
diameter  breast  high  and  log  rule  (McClay  1952 J1 


D.b.h.  (inches)        International  \-inch  Scribner  Doyle 


Cords  Cords  Cords 

8   4.0  4.4  6.8 

9   3.7  4.1  6.8 

10   3.4  3.8  6.8 

11   3.2  3.6  6.3 

12    2.9  3.4  6.2 

13   2.7  3.2  5.2 

14   2.5  3.0  4.5 


1  Basic  utilization  limits  in  upper-stem  diameter  inside  bark  were  4  inches  for  pulpwood  and  7  inches  for  saw  logs. 

allowance  on  each  log.  Besides  sawtimber  and  pulpwood,  some  small 
trees  may  be  suitable  for  fence  posts,  and  larger  ones  for  crossties 
or  specialty  products,  such  as  package  veneer,  excelsior,  or  possibly 
handle  stock.  Poles  and  piles  bring  high  prices  if  certain  specifica- 
tions can  be  met.121  However,  buyers  revise  their  specifications 
occasionally.  Most  plants  manufacturing  loblolly  pine  products  will, 
upon  request,  furnish  a  set  of  their  current  specifications  to  people 
who  can  supply  them  with  needed  raw  material. 

The  market  situation  is  a  prime  consideration.  A  grower  should 
ascertain  seasonal  requirements  for  timber  in  his  neighborhood. 
Saving  in  hauling  costs  may  increase  the  returns  from  local  sales. 
The  seller  should  remember,  however,  that  thrifty  timber  can  wait 
over  a  period  of  low  prices  without  deterioration.  Large  forest- 
products  plants  now  gather  wood  from  widely  scattered  locations. 
Thus  many  owners  of  loblolly  pine  timber  have  gained  an  open 
market  that  will  accept  small  sales  (Waekerman  1945).  More  and 
more  farmers  and  small  operators  plan  to  cut,  and  hope  to  sell, 
their  timber  only  in  the  dormant  season  to  avoid  insect  damage. 
Hence  the  big  companies — who  can  avoid  such  damage  by  cutting 
throughout  a  growing  season — can  advantageously  harvest  from  their 
own  lands  in  spring  and  summer  if  labor  is  available  (Jeffords  1956). 
Such  operation  helps  to  assure  farmers  an  adequate  autumn  and 
winter  market.  The  price  of  saw  logs  tends  to  rise  in  autumn  to  a 
peak  value  in  October  (Anderson  1957).  Forestry  organizations 
that  issue  advice  on  timber  management  may,  in  some  instances,  also 
act  as  clearing  houses  for  marketing  information. 

Supply,  demand,  and  accessibility  of  loblolly  pine  timber  affect 
the  movement  of  saw  logs  as  they  do  other  raw  materials.  Additional 

121  The  number  of  crossties,  pulpwood  units,  or  5-foot  sticks  usually  found 
in  trees  that  will  make  poles  or  piles  are  shown  in  table  54  (section  on  "Poles 
and  Piles"  of  chapter  10,  Properties  and  Uses). 
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Figuke  90. — Comparative  stumpage  prices  for  pulpwood  and  sawtiniber  based 
on  number  of  standard  eords  of  pulpwood  per  M  board  feet  of  sawtiniber. 
Average  number  of  cords  per  M  board  feet  for  different  tree  sizes  and 
log  scales  can  be  read  from  table  47. 

factors  and  people  influence  the  war  pulpwood  moves  toward  its 
expanding  markets.  In  increasing-  numbers,  tree  farmers  are  growing 
it  to  sell,  middlemen  are  procuring  it  to  handle,  and  manufacturers 
are  buying  it  to  process.  Far  flung  procurement  operations  are  be- 
ing organized  to  meet  competition  and  keep  mills  supplied. 

Many  mills  have  adopted  a  dealership  system  to  regulate  their 
current  supply  of  pulpwood.  Dealers  are  independent  contractors 
who  procure  wood  for  companies  on  a  commission  basis.  After  it 
is  cut.  an  oversupply  of  a  moderately  perishable  commodity  like 
pulpwood  may  lead  to  serious  loss.  Hence  the  contractor's  quotas 
are  specific  by  periods  rather  than  by  areas.  These  dealers  often 
subdivide  their  assigned  quotas  to  give  business  to  various  local  semi- 
dependent  wood  buyers,  and  help  them  to  find  available  stumpage 
and  to  finance  its  purchase.  These  local  buyers  then  cut.  extract, 
load,  and  haul  or  ship  the  wood  to  a  pulp  company  or  to  a  regional 
woodyard  where  they  may  receive  direct  payment  for  these  services. 
Obviously,  owners  who  are  skilled  loggers  and  can  sell,  harvest,  and 
deliver  their  own  wood  will  find  such  an  arrangement  profitable. 
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Sales  procedure  is  vital  to  all  growers  of  loblolly  pine  (Todd  and 
Zirkle  1949).  Results  from  a  study  of  numerous  transactions  in 
north  central  South  Carolina  (Fairfield  County)  are  instructive 
(Parker  and  Aull  1953).  Although  volume  of  sale  appeared  to  have 
no  consistent  effect  on  the  unit  price  received  for  sawtimber,  the 
larger  sales  of  pulpwood  brought  somewhat  greater  returns.  Prices 
received  in  the  sale  of  both  sawtimber  and  pulpwood  were  shown  to 
have  been  influenced  by  the  basis  of  sale,  its  initiator,  and  the 
number  of  bids  received.  Thus  sales  brought  more  per  M  board 
feet  or  per  cord  if  based  on  these  units  rather  than  lump  sum,  and 
if  they  were  seller  initiated  and  preceded  by  two  or  more  bids  (fig. 
91).  It  behooves  a  seller  to  provide  these  favorable  conditions  and 
then  follow  through  by  exercising  his  right  of  control  over  cutting 
and  hauling. 

Payments  may  be  based  on  piece  products  or  logs  scaled  prior 
to  removal,  pulpwood  weighed  in  transit,  or  tallies  at  a  mill.  In 
the  absence  of  a  timber  cruise,  lumber  tally  may  be  accepted  as  a 
base  for  payment.  With  full  mutual  information  on  both  quantity 
and  quality  a  lump-sum  sale  may  be  used. 

To  assure  a  satisfactory  transaction  in  selling  his  loblolly  pine 
timber  an  owner  should — 

1.  Know  the  volume  and  value  of  timber  offered — based  on 
current  unit  prices  of  various  products  as  affected  by 
volume  available  per  tree  and  per  acre. 

2.  Mark  trees  to  realize  highest  total  value. 

3.  Obtain  three  or  more  competitive  bids. 

4.  Select  a  responsible  purchaser. 

5.  Sell  when  prices  are  highest. 

6.  Use  a  written  timber  sale  agreement. 

SMALL  WOODLANDS 

The  small  woodlands  in  the  loblolly  pine  belt  now  supply  a 
large  share  of  the  industrial  needs  for  timber  in  the  region,  but  under 
good  management  they  could  supply  much  more.  As  it  is,  several 
generations  of  destructive  cutting  have  depleted  many  small  hold- 
ings more  than  the  larger  ones.  Actually  two-thirds  of  the  recently 
cut  land  on  small  holdings  fails  to  meet  reasonably  obtainable  pro- 
ductivity standards.  Most  of  the  present  owners  are  unaware  of 
both  the  potential  capacity  of  their  woodlands  and  the  measures 
necessary  to  make  them  again  moderately  productive  of  timber. 
These  owners  are  a  very  diverse  group  of  people — farmers,  profes- 
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Figure  91.— Effect  of  desirable  sales  practice  on  prices  received  for  timber 
and  pulpwood  and  the  relative  prevalence  of  dependence  on  inferior  methods 
in  a  sample  area  of  South  Carolina  (Parker  and  Anil  1953). 
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sional  men,  and  many  others — but  they  are  alike  in  one  way.  They 
are  primarily  interested  in  activities  other  than  timber  growing  and 
wood  manufacturing  (U.S.D.A.  Forest  Service  1958).  Not  more 
than  a  third  of  the  nonindustrial  owners  have  a  well-developed  in- 
terest in  better  forest  practice  (Folweiler  and  Vaux  1944). 

These  small  forests,  averaging  about  70  acres  each,  need  to  be 
improved  in  species  composition,  degree  of  stocking,  distribution  of 
age  classes,  and  freedom  from  defects.  What  can  be  done  to  remedy 
these  deficiencies  is  influenced  by  type  of  ownership,  its  location,  and 
the  outlets  for  commercial  products.  These  conditions  that  influence 
the  intensity  of  forest  management  practiced  make  the  average  re- 
turns per  dollar  invested  somewhat  less  from  the  smaller  woodlands 
(table  41). 

Within  the  limits  of  available  soils,  resources,  markets,  and 
public  interests,  each  small  woodland  enterprise  should  be  suited 
to  the  aims  and  desires  of  the  resident  or  absentee  owner.  His  at- 
titude may  be  sentimental  or  mercenary,  long-  or  short-sighted, 
visionary  or  practical,  wasteful  or  conservative.  His  prerogative  is 
to  act  as,  or  to  select,  a  forest  manager.  At  the  owner's  discretion 
the  farm  woodland  can  be  reserved  for  future  needs  or  used  to  pro- 
duce products  currently  needed,  such  as  pulpwood,  posts,  poles,  or 
timber.  In  either  case  the  woodland  may  contribute  a  place  for  local 
recreation  and  wildlife  if  conditions  are  favorable.  Treatment  of 
forest  cover  varies  with  management  for  any  of  these  purposes. 

Cutting  cycle,  the  period  between  regular  partial  harvests,  tends 
to  be  relatively  long  under  heavy  cutting,  on  remote  tracts,  or  under 
absentee  ownership.  The  period  should  be  shortened  with  accessibil- 
ity, light  cutting,  and  intensive  practice.  Annual  cutting  is  often 
possible  and  frequently  advocated  for  farm  woodlands  to  place  forest 
products  on  a  par  with  row  crops.  Under  a  1-year  cycle  each  an- 
nual cut  may  be  taken  actually  from  only  the  half,  quarter,  or  smaller 
part  of  the  forest  where  the  need  currently  is  most  urgent.  An 
annual  harvest,  however,  is  not  always  advisable.  The  need  for  funds 
is  not  equal  annually,  nor  is  the  need  for  regeneration.  Periodic 
reproduction  may  make  the  control  of  hardwoods  easier.  The  longer 
cutting  cycles  can  promote  reserve  or  investment  values  in  a  wood- 
lot,  thus  making  it  a  better  source  of  funds  for  emergency  use  ( Chap- 
man 1951).  The  owner's  difficulty,  however,  stems  not  so  much  from 
low  cut  per  acre  as  from  low  volume  per  sale.  If  his  supply  of  high- 
value  special  products  is  limited,  he  must  often  decide  whether  to 
dispose  of  a  small  volume  at  a  high  unit  price  or  a  large  amount 
at  a  lower  price. 


MANAGEMENT  OF  MATURE  TIMBER  385 


4       6      8       10      12      14      16      18     20     22  24 


D.B.H.  (INCHES) 

Figure  92. — Original  second-growth  stand  and  stock  per  acre,  amounts  cut  from 
various  size  classes  in  10  years,  and  the  distribution  of  stock  resulting  from 
selection  management  of  compartment  55  at  Crossett,  Ark.  (Reynolds  1950a). 

FARM  FORESTRY  DEMONSTRATIONS 

Unmanaged,  but  protected,  forest  lands  are  moderately  productive 
in  favorable  locations.  Two  40-acre  compartments  near  Crossett, 
Ark.,  have  been  maintained  in  natural  condition  since  the  old-growth 
loblolly  pine  timber  was  removed  in  1915.  In  1942  these  tracts 
averaged  nearly  9,000  board  feet  (International  14-inch  rule)  per 
acre,  78  percent  pine.  In  the  next  10  years,  on  sites  of  index  85  or 
higher,  the  annual  growth  was  443  board  feet  per  acre,  88  percent 
pine.  Comparable  figures  on  an  adjacent  1,000  acres  of  managed 
forest  are  5,000  board  feet  of  stock  which  grew  551  board  feet,  all 
pine,  in  the  same  period.  The  simple-interest  percentage  rate  of 
production  was  nearly  doubled  on  the  managed  tract  of  forest 
(Reynolds  1954a). 

Two  other  compartments  of  the  same  forest  provide  an  outstand- 
ing demonstration  of  15-year  results  from  management  of  small 
woodlands.  Only  the  equipment  and  methods  available  to  most 
farmers  were  used.     One  well-stocked  compartment  is  called  the 
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"good  forty";  the  other,  lightly  stocked  at  the  start,  is  called  the 
"poor  forty."  Each  was  a  mixed  stand  at  the  start  with  25  to  35 
percent  of  the  vohrme  in  deciduous  trees.  These  hardwoods  were 
greatly  reduced  in  numbers  through  fuel  and  chemical  wood  harvests. 
Labor  requirements  for  fire  protection  were  0.4  man-hour  per  acre, 
and  half  as  much  for  each  of  three  other  measures — timber  stand 
improvement,  timber  marking,  scaling  and  supervision —  a  total  of 
1  man-hour  per  acre  annually. 

These  operations  materially  increased  the  growth  of  pine  >  table 
31  .  On  both  forties  the  change  in  numbers  of  large  trees  was  slight, 
but  the  volume  increase  in  such  trees  was  substantial,  enabling  the 
good  forty  to  maintain  its  lead  in  timber.  TTith  more  growing  space 
on  the  poor  forty,  a  net  increase  there  in  small  trees  is  evident  in 
both  numbers  and  volume.  This  initially  poor  forty  has  become 
superior  in  young-growth  trees  and  in  percentage  rates  of  incre- 
ment, but  not  in  gross  or  net  returns. 

One  typical  40-aere  compartment  (No.  55)  within  the  1,000-acre 
"'sustained-yield"  study  at  Crossett.  Ark.,  is  a  good  example  of  a 
commercial  type  of  small  woodland  management  using  a  3-year  cut- 
ting cycle.  A  preliminary  20  percent  cruise  indicated  that  of  the 
cubic  volume  present  in  1935  about  half  was  contained  in  small  trees 
and  tops122  and  about  a  fifth  was  in  hardwoods.  However  only  612 
percent  of  the  board-foot  volume  was  in  hardwoods. 

Growing  stock  per  acre  in  1937  was  3,685  board  feet  Reynolds 
1949b  .  Of  this.  45  percent  was  removed  during  10  years.  Yet  the 
volume  present  in  1949  was  5.600  board  feet  per  acre  or  52  percent 
more  than  in  1937.  Apparently  now  the  cut  can  be  doubled  in  the 
second  10  years  without  interrupting  the  progress  toward  good  stock- 
ing. Figure  92  shows  both  the  superior  growth  of  crop  trees  above 
17  inches  in  d.b.h.  and  the  abundance  of  recruits  below  7  inches. 
Because  of  good  site  and  the  elevation  of  the  main  canopy,  and  in 
spite  of  accumulating  overwood.  reproduction  is  adequate. 

Here  silviculture  has  curbed  natural  succession  toward  hard- 
woods. The  success  in  selective  management  of  loblolly  pine  at 
Crossett  is  manifest  in  that  the  increased  current  yield  of  mature 
timber  has  been  attained  on  individual  compartments  simultaneously 
with  the  development  of  sirfrleient  recruits  to  maintain  the  supply  in 
future  years.  It  is  a  good  demonstration  of  the  art  of  sustaining 
commercial  yields  of  timber. 

122  Small  trees  were  pines  6  to  9  inches  in  d.b.h.  or  hardwoods  6  to  13  inches 
in  d.b.h.  The  tops  were  from  saw-log  trees,  i.e.,  pines  10  inches  or  larger,  and 
hardwoods  14  inches  or  larger  in  d.b.h. 
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SUMMARY 

Profitable  harvests  of  mature  loblolly  pine  timber  without  jeop- 
ardy to  future  yields  of  the  same  species  have  two  aspects:  silvicul- 
tural  and  financial. 

Although  loblolly  pine  cannot  be  produced  everywhere  with  equal 
facility,  there  are  four  principal  procedures  in  reproducing  it  nat- 
urally: (1)  Clear  cutting.  (2)  seed  trees,  (3)  shelterwood.  and  (4) 
selection.  Under  the  first  three  methods,  age  classes  are  segregated 
as  in  plantations:  under  the  fourth  they  are  intermingled.  Pre- 
harvest  partial  cuttings  are  similar  for  all  systems,  except  that  in 
(4)  they  may  be  heavy  enough  to  let  many  seedlings  come  in.  where- 
as in  the  first  three  they  should  be  light  enough  to  keep  most  of 
them  out.  In  both  time  and  place,  reproduction  following  harvest 
is  concentrated  in  the  first  three,  but  dispersed  in  (4).  The  first 
three  methods  result  in  even-aged  stands.,  the  fourth  in  many-aged 
stands,  although  in  each  case  the  forest  as  a  whole  must  be  in  all- 
aged  form  to  sustain  yields.  Even-aged  and  many-aged  silviculture 
for  loblolly  pine  each  have  advantages  and  disadvantages. 

The  outstanding  objections  to  the  conversion  of  irregular  forest 
to  a  regulated  even-aged  form  are  economic — the  sacrifice  involved 
in  the  harvest  of  many  small  trees  and  the  investment  needed  to  pre- 
pare sites  for  uniform  regeneration.  Any  attempt  to  avoid  either 
this  initial  sacrifice  or  this  investment,  while  harvesting  mature 
trees  only,  will  destroy  the  even-aged  uniformity  needed  for  the 
adopted  system.  The  advantages  of  even-aged  methods  are  that  less 
skill  and  generally  less  cost  is  involved  in  harvesting  relatively  heavy 
cuts  per  acre,  and  broadcast  treatments  utilizing  fire,  machines,  or 
chemicals  can  be  used  in  preparing  sites  for  natural  reseeding. 
Such  site  preparation  incidentally  delays  revegetation  by  weed  species 
enough  to  reduce  the  need  for  subsequent  release  of  seedlings.  Where 
such  regeneration  methods  fail,  the  prescription  for  even-aged  culture 
is  to  clear  cut  and  plant  loblolly  pine. 

The  outstanding  objection  to  the  many-aged  method  of  repro- 
duction is  that,  in  the  less  favorable  locations.,  a  well-stocked  forest 
may  fail  to  renew  itself  in  the  absence  of  artificial  aids  that  are 
relatively  expensive  to  apply  without  blanket  measures  incompatible 
with  many-aged  silviculture.  In  these  less  favorable  locations  under- 
stocked stands  may  readily  acquire  an  all-aged  structure  sufficient 
to  sustain  yields,  but  only  at  a  relatively  low  level.  In  timber  man- 
agement an  advantage  to  be  had  in  favorable  locations  from  the 
many-aged  method  is  that  more  of  the  productive  capacity  of  the 
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soil  can  be  skillfully  used  for  long  sustained  growth  in  value  on, 
and  reproduction  from,  the  very  best  trees.  Hence  it  is  good  for 
producing  large  products,  and  for  sustaining  timber  yields  on  small 
tracts.  Where  timber  production  is  not  the  primary  purpose,  another 
advantage  of  many-aged  management  is  that  at  all  times  an  irregular, 
but  continuous,  forest  cover  protects  the  soil  against  erosion,  and 
favors  recreation,  wildlife,  and  watershed  values. 

Where  the  single-tree  form  of  selection  fails,  the  prescription  for 
many-aged  culture  of  loblolly  pine  is  to  utilize  group  selection,  and 
produce  many-aged  forests  consisting  of  irregular  even-aged  patches. 
Natural  regeneration  is  often  best  in  heavily  cut  spots  small  enough 
to  reseed  from  the  side,  yet  large  enough  to  permit  relatively  free 
growth. 

Where  the  reproduction  must  come  from  the  forest  on  the  area 
itself,  enough  trees  should  be  left  under  any  system  for  an  ample 
supply  of  both  seed  for  reproduction  and  of  timber  for  an  operable 
later  cut,  The  number  of  trees  needed  depends  on  the  seed  year, 
tree  diameter,  crown  size,  individual  fruitfulness,  desired  restocking, 
and  character  of  site  preparation.  Data  to  integrate  these  several 
factors  in  a  single  estimate  of  trees  required — never  less  than  three 
per  acre — under  even-aged  systems  are  presented.  The  trees  must 
remain  at  least  until  a  seedling  stand  is  attained,  and  may  be  tem- 
porarily retained  thereafter  only  if  and  where  needed  for  insurance 
against  excessive  seedling  losses  from  drought  or  fire.  Accelerated 
growth  of  seed  trees  can  readily  repay  all  costs  of  their  retention 
up  to  the  time  when  their  removal  is  advisable  to  completely  free 
their  established  progeny  for  rapid  development. 

When  regenerating  loblolly  pine  on  progressive  or  alternating 
strips  or  patches,  using  either  shelterwood  or  seeding  from  the  side, 
the  number  of  seed-bearing  trees  is  a  less  exacting  requirement. 
Width  of  the  seed  cuttings,  preparation  of  the  ground  below,  and 
subsequent  release  of  seedlings  remain  important.  On  burned-over 
clearings  150  to  200  feet  wide  reproduction  can  thrive  if  later  re- 
leased at  least  one  time. 

Once  silvicultural  measures  have  placed  a  loblolly  pine  forest  in 
reasonably  good  productive,  and  reproductive,  condition,  some  reg- 
ulation is  needed  to  determine  an  allowable,  and  ensure  a  readily 
maintainable,  level  of  production.  If  sustained  yields  of  timber  are 
desired,  a  cutting  budget  should  be  based  on  special  forestwide  study 
of  actual  net  timber  increment,  or  on  the  existing  records  from 
regular  partial  harvests  and  recurring  inventories.    Methods  of  reg- 
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ulation  reported  here  were  devised  for  use  in  loblolly  pine,  but  may 
be  applied  also  to  other  types  of  forest. 

Highlights  of  economic  production  of  loblolly  pine  include  in- 
tensity of  operation,  and  if  even-aged  silviculture  is  used,  the  length 
of  the  rotation.  The  financial  aspects  of  growing  loblolly  pine  con- 
cern many  items  that  vary  widely  with  both  time  and  place,  so  that 
dollar  estimates  have  only  temporary  local  application. 

If  land  is  the  principal  limiting  factor  in  production,  it  is  best 
in  the  long  run  to  manage  the  forest  with  increasing  intensity.  Be- 
cause of  a  somewhat  less  favorable  revenue-cost  ratio,  small  owners 
need  proportionately  more  good  land  than  do  large  owners  in  order 
to  utilize  their  capital  with  equal  efficiency. 

Loblolly  pines  are  profitable  to  grow  on  short  rotations  where  the 
first  costs  are  low,  and  where  the  development  of  crop  trees  is  not 
retarded  by  poor  soil,  crowding,  or  competition  with  weed  species. 
They  are  profitable  also  on  long  rotations  where  protective  measures 
are  adequate,  regeneration  successful,  and  low-priced  raw  materials 
can  be  harvested  early  to  provide  growing  space  for  products  of 
higher  value. 

In  the  Carolinas  a  crop  of  loblolly  pine  pulpwood  may  mature 
financially  at  about  30  years.  Under  even-aged  management  at 
Urania,  La.,  there  is  evidence  that  the  best  mean  annual  growth 
and  yield  in  the  value  of  a  crop  of  loblolly  pine  sawtimber  accrues 
on  good  sites  during  rotations  of  42  to  51  years,  and  on  poor  sites 
during  45  to  54  years. 

If  uneven-aged  systems  of  regeneration  are  to  be  used  in  silvicul- 
tural  harvests,  the  rotation  age  becomes  of  no  importance,  but  skill 
is  necessary  to  select  properly  all  trees  to  be  reserved,  to  recognize 
financial  maturity  in  trees,  and  to  log  them  economically. 

When  the  rate  of  increase  in  net  returns  to  be  expected  from  an 
even-aged  stand  falls  below  the  rate  expected  from  comparable  al- 
ternative capital  investments,  such  a  stand  is  financially  mature  and 
should  be  cut.  Because  changes  in  unit  sales  value  of  timber  cor- 
respond rather  closely  with  changes  in  current  prices  for  Xo.  2 
Common  lumber,  index  numbers  so  based  are  useful  in  timber  ap- 
praisals. A  method  of  computing  marginal  value  growth  is  pre- 
sented as  a  means  of  estimating  optimum  growing  stock  in  stands 
of  loblolly  pine. 

This  concept  of  financial  maturity  applies  to  a  lesser  degree  to 
individual  trees.  Estimates  of  conversion  surplus  values  for  indi- 
vidual trees  may  assist  timber  markers  in  choosing  between  other- 
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wise  comparable  trees  to  cut  or  leave.  In  growing  from  12  to  17 
inches  in  d.b.k.  the  gross  value  of  a  loblolly  pine  may  increase  31? 
times  and  its  net  value  fivefold.  Maximum  profits  usually  come  from 
the  retention  of  an  adequate  stand  of  well-formed  pines  that  can 
grow  rapidly. 

To  properly  select  mature  loblolly  pines  in  partial  cutting  opera- 
tions, timber  markers  must  have  accurate  ocular  judgment  not  only 
of  present  but  also  prospective  value  of  the  trees.  They  should  be 
able  to  recognize  the  point  beyond  which  most  of  the  promising 
trees  cease  to  increase  in  log  length  and  grade.  On  good  sites  a 
third  log  usually  develops  when  14  inches  in  d.b.h.  is  reached,  and 
a  fourth  at  IS  inches  d.b.h.  The  ultimate  merchantable  length  of  a 
tree  is  apparent  by  the  time  it  reaches  15  to  IT  inches  in  d.b.h.  and 
its  period  of  rapid  grade  improvement  is  reached  at  22  to  24  inches. 
Low- vigor  trees  often  mature  at  16  inches,  if  indeed  they  can  ever 
qualify  at  all  for  sawtimber  growing  stock.  Trees  of  medium  vigor 
mature  for  saw  logs  at  18  inches  and  those  of  high  vigor  at  23  inches. 

Some  recent  outstanding  mechanical  developments  implement  the 
economical  extraction  of  loblolly  pine  timber.  Chain  saws,  faster 
than  the  cross-cut  type  and  safer  than  the  wheel  type,  are  increas- 
ingly being  used  to  fell  and  buck  timber.  In  skidding  logs  only  a 
small  fraction  of  the  cost  is  for  labor  when  tractors  are  used,  but 
both  size  of  timber  and  character  of  terrain  affect  choice  of  machines. 
Skidding  in  tree  lengths  appears  to  be  practical  for  distances  up  to 
about  900  feet,  and  advisable  where  expert  separation  of  timber  by- 
product and  grade  can  be  provided  at  a  concentration  point.  In 
east  Texas  it  was  found  that  an  increase  of  only  10  board  feet  in 
average  log  size  reduced  logging  costs  $1  per  thousand  board  feet — 
a  greater  reduction  than  from  any  moderate  increase  in  the  volume 
cut  per  acre.  The  multiple  pallet  system  of  handling  wood  speeds 
the  process  of  loading  it. 

Economy  in  hauling  logs  or  pulp  wood  varies  with  the  quality  and 
spacing  of  forest  roads.  They  may  be  constructed  three-quarters  of 
a  mile  apart  to  extract  3.000  board  feet  per  acre,  or  half  a  mile  apart 
to  extract  6.000  board  feet  per  acre  in  a  single  harvest.  Somewhat 
closer  spacing  of  roads  is  advisable  under  intensive  operations  to 
sustain  yields.  Extraction  and  conversion  time  requirements  per 
unit  of  product  decrease  with  increases  in  the  size  of  logs  handled, 
and  in  size  of  the  sawmill  that  cuts  the  rough  lumber. 

Labor  requirements  in  the  intensive  application  of  selective  tim- 
ber management  to  grow  loblolly  pine,  harvest  it.  and  sustain  its 
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yield  (estimated  on  the  basis  of  8  hours  per  day.  5  days  per  week, 
and  -15  weeks  per  year  at  Crossett,  Ark.)  amount  to  an  annual  crew 
of  32  men  for  each  5.000  acres  of  forest. 

In  marketing  loblolly  pine  from  any  woodland,  attention  should 
be  paid  to  these  four  factors :  Method  of  measurement,  choice  of  prod- 
uct, market  situation,  and  sales  procedure.  Log  scale  bias  intro- 
duced in  using  rules  other  than  the  International  1 4-inch  rule  should 
be  understood.  The  spread  in  price  of  the  same  tree  for  different 
products  should  be  realized.  If  as  much  as  a  carload  of  each  prod- 
uct is  available,  segregation  may  pay.  Perhaps  all  butt  logs  should 
go  to  a  sawmill,  all  top  logs  to  a  pulpmill,  and  all  poles  to  a  treat- 
ing plant.  The  local  market  situation  should  be  ascertained,  and 
all  outlets  investigated.  To  dispose  of  a  quantity  of  loblolly  pine 
timber  satisfactorily  on  an  open  market  a  seller  should  benefit  from 
experience  of  neighbors,  advertise  his  available  timber,  get  local 
prices,  preferably  secure  bids,  select  a  reliable  purchaser,  and  use  a 
written  agreement. 


Chapter  9 


Management  for  Other  Purposes 

The  growing  of  timber  is  the  most  obvious  function  of  loblolly 
pine  forests.  Another  function  of  the  forest  is  to  supply  water  from 
protected  watersheds.  Still  another  is  to  produce  forage  in  the  form 
of  grasses,  weeds,  and  shrubs  under  trees  and  in  openings.  The 
rural  South  has  depended  in  part  on  the  utilization  of  its  forest 
range  by  cattle — and  hogs.  Wildlife  and  recreation  are  also  linked 
closely  with  the  forest. 

The  manager  of  loblolly  pine  lands  may  well  consider  the  values 
of  water,  forage,  wildlife,  and  recreation  as  well  as  timber  in  deter- 
mining the  use  of  the  land.  He  should  attempt  to  achieve  a  reason- 
able balance  between  the  net  values  obtainable  from  the  different 
products  or  through  various  services. 

Soil  and  water  together  are  basic  resources  in  growing  and  using 
forests.  Cotta,  the  early  19th  century  German  publisher  and  scien- 
tific agriculturist,  observed  this:  "Without  any  utilization  the  forest 
soil  improves  constantly ;  if  utilized  properly,  the  soil  retains  its 
natural  balance ;  if  utilized  improperly,  howeA'er,  the  soil  deterio- 
rates."  In  the  loblolly  pine  belt  nearly  all  the  land  has  been  used 
in  some  way.  There  are  scattered  samples  of  good  usage  and  an 
abundance  of  improperly  treated  land  where  much  of  the  original 
soil  has  deteriorated  or  washed  away. 

WATER,  LITTER,  AND  SOIL 

The  quality  of  the  soil,  and  adequacy  of  water  supplies  within 
it,  influence  what  crop  can  be  produced,  whether  it  be  timber,  do- 
mestic stock,  wildlife,  or  other  forest  products.  The  abuse  of  land 
has  caused  less  impairment  and  loss  of  £oil  in  the  lower  Coastal 
Plain  than  it  has  farther  inland.  The  present  condition  of  the  aban- 
doned agricultural  land  in  the  Piedmont,  now  occupied  by  loblolly 
pine  stands,  has  been  profoundly  affected  by  past  use.  Some  sections 
of  the  upper  Coastal  Plain,  such  as  the  loessal  bluffs  from  Natchez, 
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Miss.,  to  Memphis,  Term.,  similarly  portray  the  results  of  misuse. 
On  the  upper  Coastal  Plain  and  Piedmont  Plateau  since  about  1800 
the  principal  row  crops,  cotton  and  corn,  were  grown  on  cleanly 
cultivated  fields,  even  on  steep  slopes.  Often  immature  old-field  pine 
was  harvested  to  farm  the  land  a  second  or  third  time.  Under  re- 
peated abandonment  and  reeultivation,  fertility  naturally  declined 
until  about  1880  when  commercial  fertilizers  became  popular.  This 
encouraged  continued  tillage  and  many  slopes  were  cultivated  until 
a  large  part  of  the  subsoil  was  washed  away. 

In  spite  of  abuse  by  man.  the  loblolly  pine  forest  lands  are  usually 
covered  rather  completely  by  vegetation,  though  not  adequately  for 
all  uses.  In  managing  these  lands  for  either  their  watershed  or 
crop  producing  values,  an  understanding  of  topography,  vegetative 
cover,  and  physical  soil  properties  as  related  to  water  is  important.123 
In  these  respects  the  higher  Piedmont  hills  and  the  flat  sandy  sea- 
board locations  represent  two  extremes.  Between  them,  in  the  upper 
Coastal  Plain  of  northern  Alabama,  southern  Arkansas,  and  eastern 
Texas  the  topography  and  soil  cover  are  intermediate  in  character. 
But  soil  is  less  stable  in  all  the  dissected  interior  part  of  the  range 
of  loblolly  pine,  because  the  velocity  and  silt  carrying  capacity  of 
runoff  is  greater  than  it  is  along  the  seaboard.124 

The  permeable  surface  layers  of  the  soil  in  the  loblolly  pine  forest 
have  been  stripped  from  many  hilly  inland  acres  exposing  stiff  sub- 
soil. Differences  in  the  organic  portion  of  the  other  rolling  upland 
soils  affect  their  water  relations  to  some  extent.  The  mull  types  of 
soil,  with  their  greater  porosity  can  store  more  water  than  the  mor 
types.  When  fully  saturated  the  surface  6  inches  of  the  mor  types 
will  hold  2.77  inches  of  rain  water,  the  duff-mull  types  3.36  inches, 
and  the  mulls  3.54  inches  (Metz  1954). 125 

Forest  litter  makes  a  major  contribution  to  subterranean  storage 
of  rainfall  by  increasing  the  rate  of  absorption  of  water  while  it 
blocks  surface  movement  of  many  erodible  soils.  In  fully  stocked 
30- to  40-year-old  loblolly  pine  stands,  unburned  for  20  years,  the 
litter  may  become  3  inches  deep.    Some  11  or  12  tons  per  acre  may 

123  Methods  and  equipment  appropriate  for  measuring  pore  space  and  per- 
colation rates  for  water  in  forest  soils  have  been  reported  (Hoover,  Metz,  and 
Olson  1954). 

124  Streams  wholly  within  the  southeastern  Coastal  Plain  have  clear  slow 
moving  water,  whereas  those  that  rise  inland  from  the  fall  line  have  rapid 
flowing  muddy  water.  However  in  the  Upper  Coastal  Plain  of  Mississippi,  and 
m  the  West  Gulf  region  generally,  turbid  streams  are  commonplace. 

12°  These  three  humus  types  of  soil  are  described  by  M.  D.  Hoover  and 
•  A-  Lunt  in  "A  key  for  the  classification  of  forest  humus  types/ '    Soil  Sci 
Soc.  Amer.  Proc.  16:368-370.  1952. 
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accumulate  in  60  years  in  places  where  the  annual  fall  of  about  1 
ton  is  offset  by  decomposition  losses.  Accumulated  leaf  fall  is  re- 
lated to  the  age  of  well-stocked  loblolly  pine  stands  about  as  follows 
-MeGough  1947  : 


Age  of  pine  stand  Dry  weight  per  acre  of  surface  litter 

(years )  >pou  nds ) 

10    6,300 

20    12,700 

30   17,400 

40    20,700 

50   22,600 

60   22,700 

70   21,000 

80    18,000 


On  soils  composed  of  coarse  sand,  pine  straw  may  have  only  insig- 
nificant effects  on  water  absorption  and  soil  movement.  However,  on 
clay,  sandy  clay,  or  sandy  loam  soils  the  effects  are  important.  When 
such  soils  are  burned  over,  runoff  and  erosion  tend  to  increase.  Where 
erosion  has  removed  the  sandy  i  formerly  plowed)  horizon  from 
Piedmont  soils,  little  rain  water  is  detained — nearly  all  that  falls  runs 
off.  This  shifting  of  a  large  portion  of  runoff  from  subsurface  to 
surface  flow  has  caused  much  disastrous  sheet  and  gully  erosion. 
The  flow  becomes  flashy,  rising  rapidly  to  flood  stage  after  rain  and 
receding  nearly  as  fast.  Hence  vegetation  is  subjected  to  more  vicis- 
situdes of  moisture  deficiency  and  excess.  Roots  located  above  the 
relatively  impermeable  layers  of  soil  may  suffer  as  much  from  pro- 
longed flooding  and  deficient  aeration  as  from  drought. 

Loblolly  pine  is  an  excellent  tree  species  to  use  in  flood  control 
planting  because  it  produces  considerable  litter  in  even  a  short  period 
of  time  (section  on  "Organic  matter""  in  chapter  2.  The  Species  and 
Its  Environment).  Thus  Broadfoot  (1951)  observed  that  the  sur- 
face 2  inches  of  soil  under  old-field  loblolly  pine  absorbed  water  faster 
than  did  an  adjacent  old  field  in  native  grass  cover. 

Improvement  in  soil  properties  proceeds  slowly  beneath  pure 
stands  of  loblolly  pine.  In  newly  established  stands  a  superficial 
accumulation  of  needles  tends  to  ferment  and  decompose  gradually 
in  place  without  becoming  a  part  of  the  mineral  soil.  Without  bene- 
fit of  a  hardwood  component  in  the  litter,  the  formation  of  an  A2 
horizon126  is  delayed,  and  the  stand  may  become  30  years  old  before 
even  a  thin  layer  of  humus  is  manifest.  Thus  a  full  rotation  for 
medium-sized  pure-pine  timber  stands  may  elapse  without  much 

126  xhe  surface  mineral-soil  horizon  containing  incorporated  or  infiltrated 
organic  matter. 
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noticeable  improvement  in  the  soil.  With  further  increase  in  the 
age  of  timber  grown  0n  longer  rotations  there  is  usually  an  increase 
in  the  hardwood  understory  and  the  broad-leaved  component  of  litter. 
The  decomposition  of  such  litter — particularly  that  which  is  relatively 
rich  in  calcium  (section  on  "Soils  influence"  in  chapter  2) — ac- 
celerates soil  improvement  through  incorporation  of  organic  matter 
within  the  surface  layers  of  soil. 

Erosion  losses 

Much  of  the  timberland  in  the  Piedmont  has  suffered  greatly 
from  erosion  in  the  past.  It  has  left  the  surface  soils  thin— often 
less  than  2  inches — and  in  places  has  left  stiff  subsoil  exposed.127 
Most  of  the  upland  terrain  has  at  sometime  been  subjected  to  vary- 
ing degrees  of  erosion.  Nearly  all  the  surface  soil  has  already  dis- 
appeared from  47  percent  of  the  rolling  land  ( Brender  1952a  .  About 
25  percent  of  the  land  slopes  more  than  i  percent  and  thus  is  sus- 
ceptible to  erosion  through  mismanagement,  though  erosion  is  cur- 
rently active  on  less  than  4  percent  of  forest  land.128 

In  south  central  Georgia,  one  study  (Bond  and  Spillers  1935^ 
showed  that  80  percent  of  the  old  fields  with  slopes  of  12  percent 
or  more  had  once  been  gullied  or  seriously  depleted  by  sheet  erosion, 
whereas  only  3  percent  of  the  gently  sloping  land  was  so  damaged. 
Of  the  loblolly  pine  old-field  area  as  a  whole,  however,  some  90  to 
99  percent,  depending  on  stand  conditions,  was  either  unaffected  or 
the  scars  had  healed  through  natural  revegetation  as  follows : 

Status  of  erosion 


Absent  or 

Age  and  density  of  pine  timber           Active  arrested 

(percent)  (percent) 

Sawtimber.  well  stocked                             1.3  98 . 7 

Sawtimber.  poorly  stocked                          1.7  98.3 

Young  timber,  well  stocked                        5.9  94.1 

Young  timber.,  poorly  stocked                    10 . 0  90 . 0 


Basis:  542  quarter-acre  land-use  surrey  plots  Tiond  and  Spillers  1935). 

Erosion  control 

Loblolly  pine,  with  its  rapid  growth  and  abundant  litter,  has 
proved  its  value  in  rehabilitation  of  eroded  sites  and  is  considered 

12 '  Chemical  amendments  for  these  inhospitable  soils  show  no  promise  as  yet. 
One  proprietary  compound  ("K^ilium,,),  when  tested  in  Mississippi  on  hard- 
packed  kaolinitic  subsoils  typical  of  gully  bottoms  and  scald  areas,  failed  to 
improve  the  early  growth  or  survival  of  loblolly  pine  seedlings  (King  1955). 

128  A  minor  or  temporary  benefit  from  the  loss  of  surface  litter  may  accrue 
to  loblolly  pine  in  the  form  of  increased  natural  reproduction  on  exposed  mineral 
soil,  but  a  complete  loss  of  topsoil  reverses  this  effect  (Brinkman  and  Swarthout 
1942). 
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one  of  the  finest  gully  stabilizers  (MacNaughton  1953)  (plate  10). 
Loblolly  pine  may  be  planted  directly  in  the  less  deeply  cut  gullies 
or  washes  which  hare  not  completely  severed  deposits  of  silt  loam 
or  loess.  Pines  may  even  be  planted  in  rapidly  eroding  gullies  after 
they  have  been  partially  stabilized  with  soil  binding  vines  or  grass 
so  that  they  may  support  the  trees  (Meginnis  1933b). 

Grass  and  legume  mixtures  are  being  used  increasingly  as  a 
vegetal  cover  to  prevent  wind  or  water  from  moving  soil,  or  to  heal 
the  scars  left  by  erosion,  particularly  on  steep  lands  retired  from 
cultivation  but  not  yet  reclaimed  by  loblolly  pine.  The  cost  of  re- 
vegetating  severely  eroded  sites,  however,  tends  to  be  exorbitant. 
Cover  could  be  more  readily  established  if  a  mulch  of  straw  or  other 
suitable  material  could  be  added  at  reasonable  cost.  If  available, 
Lespedeza  sericea  hay,  cut  when  enough  ripe  seeds  are  attached  to 
the  plants  to  produce  a  stand,  is  effective  in  the  Southeast  (Graham 
1941).  Crotalaria  is  another  promising  species.  Premulching  with 
pine  boughs  in  the  autumn  preceding  spring  sowing  is  effective  but 
costly.  The  branches  not  only  retard  erosion  during  winter,  but 
also  retain  enough  moisture  and  catch  enough  soil,  to  eliminate  the 
need  for  preparation  of  the  surface.  On  relatively  clear  and  flat 
areas  of  denuded  or  depleted  soil,  seeds  can  be  broadcast  on  a  pre- 
pared surface  that  has  been  plowed,  disked,  or  raked,  and  then  rolled 
or  settled.  On  eroding  areas  of  rolling  terrain  small  inexpensive 
brush  dams  may  be  used  to  trap  sediment.  Spots  that  silt  in  can 
be  sown  with  love  grass  (Eragrostis  spp.)  which  retards  movement 
of  soil  until  planted  trees  can  anchor  it.  The  more  aggressive  vines 
like  kuclzu  or  honeysuckle,  if  used  at  all,  may  not  require  this  prep- 
aration. Though  these  vines  are  browsed  by  deer  and  cattle,  they 
are  not  recommended,  except  possibly  where  they  are  unlikely  to 
smother  more  desirable  vegetation  (Brender  and  Hodges  1957b). 

Planting  winter  cover  crops  on  " galled"  spots,  or  other  barren 
areas,  may  be  unnecessary  as  a  means  of  reducing  high  soil  tempera- 
tures before  such  sites  are  planted  to  trees.  Only  a  very  thin  sur- 
face layer  of  clay  soils  exposed  to  the  sun  becomes  too  hot  for  satis- 
factory root  growth.  A  dense  living  cover,  similar  to  that  of  an 
old-field  stand  of  broomsedge,  will  prevent  injurious  temperatures. 
Cover  of  this  kind  can  be  obtained  from  "cool-season"  plants  like 
winter  ryegrass,  oats,  vetch,  or  crimson  clover.  Such  plants  can 
be  established  on  most  denuded  soils  by  autumn  sowings  that  are  limed 
and  fertilized.  By  making  their  growth  during  cool  weather,  these 
cover  crops  escape  heat  injury.    If  they  are  allowed  to  stand,  their 
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Plate  10.— Loblolly  pine  is  a  choice  species  for  reclamation  of  eroding  lands, 
A,  an  abandoned  hillside  on  the  Ed  Eggerson  farm  near  Taylor,  Miss.,  in 
1948,  and  B,  the  same  hillside  in  1956,  eight  years  after  planting  as  a 
soil  stabilization  measure  (courtesy  V.  B.  MacNaughton,  TLS.F  S  458890 
and  485232). 
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dead  foliage  shades  the  soil  in  summer,  permitting  the  late-season 
establishment  of  other  species  including  legumes,  loblolly  pines,  or 
both  (Greene  1953).  Excessive  costs  should  be  avoided  by  limiting 
practical  site  preparation  to  measures  that  have  been  shown  locally 
to  be  economical. 

Holdover  damage  from  early  erosion  may  need  to  be  appraised, 
directly  or  indirectly,  prior  to  the  designation  of  areas  where  more 
loblolly  pine  should  be  planted  to  halt  further  erosion.  Indirect 
appraisal  by  observation  of  rates  of  height  growth  on  scattered 
residual  pines  may  be  the  best  method.  Situations  where  these  pines 
have  developed  least  rapidly  are  almost  surely  the  ones  where  more 
of  them  are  needed  to  hold  the  remaining  soil.  Goggans  (1951) 
showed  that  early  shoot  growth  of  loblolly  pine  indicated  the  thick- 
ness of  topsoil  left  (fig.  93). 129 

The  continuing  retardation  of  the  planted  pines  is  part  of  the 
price  that  must  be  paid  when  a  commercial  species  is  used  primarly 
to  check  erosion.  Fortunately  loblolly  pine  being  more  deeply  rooted 
is  less  sensitive  to  soil  deterioration  caused  by  erosion  than  are  corn 
or  cotton  as  indirectly  reflected  in  net  income  (fig.  94),  but  what  to 
expect  was  shown  by  Cooper  (1942)  working  in  Newberry  County, 
South  Carolina.  He  classified  sheet  erosion  according  to  topsoil 
removed  as  follows : 

Surface  soil  lost 
Erosion  class  (percent) 

0   None  apparent 

1   Less  than  25 

2   25  to  50 

3   50  to  75 

4   Over  75 

His  observation  revealed  that  the  site  index  for  loblolly  pine  dropped 
at  least  10  feet  for  each  addition  of  one  grade  in  the  erosion  class. 
He  concluded  that  every  loblolly  pine  which  now  reaches  maturity 
on  eroded  Piedmont  soils  is  10  to  30  feet  shorter  than  were  the 
old-growth  trees  of  similar  age  that  grew  on  comparable  uneroded 
soils. 

Localized  patching  of  erosion  damage  by  means  of  dams  in  gullies 
does  not  affect  the  fundamental  difficulty,  a  decrease  in  permeability 
of  the  soil.    Any  permanent  rehabilitation  of  water  relations  must 

129  The  regression  formula  for  this  relationship  is  as  follows: 
Logarithm  of  loblolly  pine  height  (feet)  equals 

10  10' 


(?) 

age  is  in  years  (Y)  and  depth  of  the  A  horizon  is  in  inches  (I). 


1.907  —  0.371  [  —  )  —  0.032  \  J~  ~       I  where 
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PLANTATION    AGE  (YEARS) 

Figure  93. — Thickness  of  topsoil  as  a  key  to  the  quality  of  eroded  Piedmont 
sites  for  planting  loblolly  pine  (Goggans  1951). 

reestablish  adequate  pore  space  within  the  soil.  One  way  to  expedite 
such  a  change  would  be  to  utilize  more  of  certain  species,  like  red- 
cedar,  that  will  improve  the  soil  more  rapidly  than  do  pines.  In 
some  instances  it  may  be  advisable  to  cut  down  poor  stands  and  use 
the  slash  to  mulch  the  ground.  The  subsequent  decay  of  old  root 
systems  under  the  mulch  may  improve  conditions  sufficiently  for 
successful  tree  planting  a  few  years  later. 

WATERSHED  VALUES 

Watershed  managers  need  to  understand  the  phenomena  that  in- 
crease, decrease,  or  stabilize  their  water  supplies,  and  what  happens 
in  the  process  to  degrade  or  to  improve  forest  soils. 

Moisture  lost  or  retained 

Forest  cover  delays  the  flashy  runoff  from  sudden  storms,  pro- 
longs the  penetration  period,  and  tends  to  regulate  streamflow 
(fig.  95,  A).  As  contrasted  with  storm  runoff  from  forest  land,  the 
maximum  rate  of  flow  from  grassland  may  be  22  times  and  that 
from  denuded  land  27  times  as  great  (Katana  1955). 


400 


LOBLOLLY  PINE 


LOBLOLLY  PINE 


100 
90 
80 
70 
p  60 

5  40 

5> 

30 
20 
10 
0 


TYPE 

OF 

—  SOIL- 

Oi 

e2v 

\ 

o 

A 

V 

\ 

\ 

— 4) 

\  t 

— s  — ^ 

% 



\ 

 v— 

\ 

-\  

■iOBLOl  l> 

W 

B 

\ 

4  I 
EROSION  CLASS 


Figure  94. — Effect  of  soil  and  degree  of  erosion  on  site  quality.  A,  Soil  types 
are  grouped  for  loblolly  pine  as  follows:  (1)  Durham  sandy  loam,  Gran- 
ville sandy  loam,  Alamance  silt  loam,  and  Appling  sandy  loam;  (2)  David- 
son clay  loam,  Tirzah  silt  loam,  Georgeville  silt  loam,  Herndon  silt  loam, 
and  Cecil  sandy  loam;  (3)  WMtestore  fine  sandy  loam;  and  (4)  Orange 
silt  loam.  B,  All  eleven  types  are  averaged  for  net  annual  return,  show- 
ing the  greater  sensitivity  of  agricultural  crops  to  erosion  classes  (Hostetter 
1943). 

Moisture  lost  from  extensive  forests  to  the  atmosphere  can  be 
approximated  only  indirectly  by  utilizing  meteorological  maps  and 
formulas  not  yet  fully  verified.  On  this  theoretical  basis  it  can  be 
estimated  conservatively  (table  48)  that  a  loblolly  pine  forest  re- 
turns more  than  half  of  its  rain  water  to  the  air  through  transpira- 
tion. Evapotranspiration  losses  may  vary  from  50  to  60  percent 
in  early  season  and  55  to  70  percent  in  late  season  during  normal 
years. 

In  drought  periods,  and  near  the  western  edge  of  the  loblolly 
pine  range,  the  loss  appears  to  be  greater.  Then  the  transpiration 
potential  from  established  stands  of  loblolly  pine  usually  exceeds 
average  summer  rainfall,  and  is  less  than  100  percent  only  when 
moisture  reserves  are  inadequate  to  maintain  the  potential  rates. 
Thus  west  of  the  Mississippi  River,  where  reserve  supplies  often  may 
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Figure  95. — Bate  of  escape  of  water  from  the  soil:  A,  Influence  of  vegetation 
on  peak  discharge  of  rainwater  that  runs  off;  B,  evapotranspiration  draft 
on  soil  water  supplies  at  different  depths  (Zahner  1955a  and  1955c). 

be  low.  the  rain  that  falls  in  summer  may  supply  only  half  the 
water  required  by  the  high  potential  evapotranspiration  (Zahner 
1956  i.  The  forest  thus  draws  on  whatever  surplus  may  remain  in 
the  soil  from  winter  and  spring  rains  'fig.  95.  B).  In  this  process 
the  summer  loss  may  amount  to  0.25  inch  per  day  or  2  inches  per 
week.  In  this  way  a  dense  young  stand  of  pine  may  use  up  90  per- 
cent of  June  rainfall  and  incur  a  deficiency  of  some  15  to  20  inches 
of  water  in  the  top  4  feet  of  soil. 

The  growth  of  loblolly  pine  is  retarded  and  the  runoff  lowered  in 
drought  years,  when  soil  moisture  is  reduced  from  saturation  in  late 
May  nearly  to  the  wilting  point  by  late  June  (Moyle  and  Zahner 
1954).  In  general  the  loss  of  water  appears  to  be  independent  of  the 
species  composition  of  a  forest  'Zahner  1955a),  though  it  may  be 
expected  to  increase  with  leaf  surface  as  forest  density  approaches 
full  stocking. 

The  disposition  of  rain  falling  on  a  stand  of  loblolly  pine  varies 
with  the  amount  and  rate  of  fall  in  separate  storms.  Net  intercep- 
tion by  a  forest  canopy  may  range  from  10  to  15  percent  of  the 
total  yearly  precipitation.  A  trace  of  rain  is  caught  by  and  evap- 
orated from  foliage:  in  a  rain  of  less  than  0.02  inch  little  falls 
through  a  forest  canopy:  and  even  up  to  0.10  inch  stemflow  is 
negligible.  Only  a  small  part  of  heavy  rains  is  intercepted.  Gen- 
erally in  young  fully  stocked  loblolly  pine  stands  about  8  percent 
evaporates.  20  percent  runs  down  the  stems,  and  72  percent  falls 
through  the  canopy  (fig.  96). 130 

130  The  net  amount  received  bv  the  soil  is  0.9542?  -  0.034,  where  B  is  0.10  inch 
or  more  rainfall  measured  in  the  open  (Hoover  1953). 
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Table  48. — Mean  seasonal  moisture  supply  for  pine-hardwood  forest  soils — 
estimates  of  water  added  from  and  lost  to  the  atmosphere1 


Section2 

Precipitation  per  month 

Transpiration  per  month 

March 
through  July 

August  through 
November 

March 
through  July 

August  through 
November 

Inches 

Inches 

Inches 

Inches 

Mid-Atlantic  

4.2 

3.6 

2.2 

1.9 

East  Gulf  

4.6 

3.9 

2.6 

2.3 

West  Gulf  

4.5 

3.4 

2.7 

2.4 

1  Based  on  20-year  "normals"  of  weather  observations  within  the  loblolly  pine  belt  only,  as  adapted  from  seasonal 
maps  of  precipitation  (Kincer  1922),  temperature  (Kincer  1928),  and  transpiration  formulas  (Forestry  Handbook  1955, 
Sec.  10,  page  7). 

2  Parts  of  states  covered  in  the  three  sections  are  as  follows:  Mid-Atlantic — Maryland,  Virginia,  North  Carolina, 
South  Carolina;  East  Gulf — Georgia,  Florida,  Alabama,  Mississippi;  West  Gulf — Louisiana,  Arkansas,  Texas. 


Litter  on  the  forest  floor,  like  the  tops  of  trees,  can  retain  water 
only  temporarily.  The  amount  is  small;  only  0.01  to  0.09  inches 
of  precipitation  are  thus  detained  (Metz  1958). 

Infiltration,  percolation,  and  species  composition 

After  rainwater  reaches  the  ground,  a  forest  cover  and  litter  of 
any  kind  helps  its  entry  into  the  soil,  but  the  rate  of  infiltration 
and  percolation  is  influenced  by  the  former  land  use.  Penetration 
into  the  upper  foot  or  two  of  soil  is  sharply  curtailed  after  certain 
soils  have  been  farmed  and  abandoned.  For  instance  the  noncap- 
illary  pore  space  may  decrease  to  12  percent,  and  the  rate  of  perco- 
lation to  less  than  1  percent  of  former  values  at  a  depth  of  1  foot 
(fig.  97). 

Plant  succession  and  species  composition  also  influence  the  pene- 
tration of  water.  In  young  stands  in  the  southern  Piedmont,  the 
soil  under  pine  is  8  times,  and  under  hardwoods  25  times,  more 
permeable  than  denuded  clay.  This  relative  inferiority  of  the  pines, 
despite  the  heavier  litter  (Broadfoot  1948),  may  be  ascribed  to  the 
fact  that  little  humus  is  added  to  mineral  soil  through  decomposition 
of  surface  litter. 

Commonly  deep  seepage  causes  negligible  loss  of  water.  Through 
evapotranspiration  some  50  to  70  percent  of  precipitation  in  the  lob- 
lolly pine  belt  is  returned  to  the  air  (table  48).  Most  of  the  rest, 
including  both  storm  water  and  the  flow  of  ground  water,  runs  off 
in  streams.  Perhaps  an  inch  or  two  of  current  rainfall,  depending 
on  watershed  conditions,  remains  in  the  upper  4  to  6  feet  of  soil 
where  as  much  as  10  inches  of  water  normally  can  be  stored  until 
withdrawn  by  the  trees.  On  the  Coastal  Plain  the  water  tables  in 
relatively  impermeable  soil  is  lowered  in  spring,  summer,  and  autumn 
by  evapotranspiration  (Gallup  1954).   In  poorly  drained  flatwoods 
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RAIN  FALLING  ON  THE  FOREST  (INCHES) 


Figure  96. — What  happens  to  rainwater  falling  on  a  forest  varies  with  the  size 
of  the  storm.  These  measurements  of  throughfall  and  stemflow  were  made 
under  a  plantation  of  760  10-year-old  loblolly  pines  having  a  basal  area 
of  103  square  feet  per  acre  in  the  Calhoun  Experimental  Forest,  Union 
S.  C.  (Hoover  1953). 

(e.g.,  on  Bladen  silt  loam  )  the  water  table  is  raised  by  the  removal 
of  timber  (fig.  12,  chapter  2.  The  Species  and  Its  Environment). 

Demonstration  watershed 

The  hydrology  of  an  88-acre  watershed,  the  Pine  Tree  Branch 
in  Henderson  Comity,  Tennessee,  was  studied  between  1941  and 
1950  (U.  S.  Tennessee  Valley  Authority  1955).  Eroded  lands  on  this 
tract  were  stabilized  during  the  first  3  years  by  planting-  78.225 
loblolly  pines.  Although  they  were  beyond  the  natural  range  of 
the  species,  these  plantations  thrived.  They  altered  the  disposal  of 
rain  that  continued  to  fall  annually  in  amounts  ranging  from  28 
to  68  inches.    The  trees  reduced  surface  runoff  by  34  percent,  while 
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PROFILE  OF  RELATIVE  PORE  SPACE  PERCOLATION  RATE 


PORTION  OF  TOTAL  VOLUME  (PERCENT)  INCHES  PER  HOUR 


Figure  97. — Soil  porosity  and  percolation  rates  at  various  depths:  A,  Eelative 
amounts  of  space  in  the  smaller  or  capillary  pores  (CP)  and  in  the  larger 
or  noncapillary  (XCP)  pores  in  the  surface  2  feet  of  forested  Vance  soil; 
B,  comparable  data  for  the  same  soil  after  its  use  and  abandonment  as 
farmland.  C,  Percolation  rates  within  both  the  forest  and  old-field  soils 
(Hoover  1950). 

underground  runoff  increased  82  percent.  Surface  flow  was  changed 
from  69  percent  of  the  total  runoff  to  only  44  percent  of  the  total. 
The  yield  of  ground  water  increased  from  31  to  56  percent  of  the 
total  runoff.  Peak  discharges  were  reduced  in  frequency  and  rate 
in  both  winter  and  summer.  The  reductions  ranged  from  61  to  87 
percent  and  were  greatest  when  the  soil  was  dry  and  the  intensity 
of  the  rainfall  low.  The  decrease  in  erosion  lowered  the  sediment 
load  by  50  percent  in  2  years,  and  reduced  it  90  percent  in  10  years. 
Before  treatment,  54  inches  of  rain  resulted  in  a  soil  loss  of  24  tons 
per  acre  annually.  Fifteen  years  later  the  rate  of  loss  was  down 
to  1.8  tons  per  acre  per  year.  The  outflow  of  water  did  not  change 
significantly. 

LIVESTOCK  VALUES 

The  degree  to  which  it  is  feasible  to  produce  both  livestock  and 
timber  products  on  a  tract  of  land  varies  with  the  type  of  forest, 
kind  of  animals,  and  the  intensity  of  management. 

This  sort  of  dual  use  of  cut-over  lands  has  been  practicable  in 
the  South  largely  on  understocked  longleaf  pine  lands.  Such  use 
is  manifestly  incompatible  with  forestry  on  hardwood  bottom  lands. 
In  this  respect  the  loblolly  pine-hardwood  type  of  forest  is  truly 
intermediate ;  dual  use  on  a  limited  scale  may  be  acceptable.  As  to 
kind  of  animals,  sheep  and  goats  graze  or  browse  too  closely  to  be 
used  safely  outside  their  own  pastures.  When  cattle  range  over  lands 
devoted  to  silviculture  there  is  commonly  a  little  damage  to  pine 
reproduction,  soil,  or  both,  and  some  conflict  of  interests.  The 
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conflicts  may  be  insignificant  under  nonintensive  management.  Mu- 
tual benefits  for  trees  and  livestock,  however,  are  usually  in  evidence 
only  under  reasonable  control  and  partial  segregation.  Under  in- 
tensive development  of  land  for  either  purpose,  livestock  and  timber 
should  be  concentrated  on  wholly  separate  areas.  Only  in  this  way 
can  a  full  crop  of  each  be  realized.  Despite  inescapable  limitations, 
the  dual  use  of  loblolly  pine  forests  to  raise  cattle  and  trees  non- 
intensively.  but  under  close  control,  sometimes  deserves  careful  con- 
sideration (Brasington  1949). 

In  many  places  only  a  casual  type  of  dual  use  has  developed  so 
far.  Cattle  are  the  principal  class  of  domestic  stock  that  ranges  on 
loblolly  pine  forest  areas.  They  may  themselves  benefit  or  suffer 
and  may  be  either  beneficial  or  damaging  to  the  forest  depending 
on  how  they  are  managed.  With  the  exception  of  plantations  and 
regenerating  areas,  a  mixed  forest  can  be  grazed  moderately  with- 
out detriment,  though  heavy  grazing  seriously  compacts  the  soil. 
Nearly  everywhere  unregulated  open-range  grazing  has  been  dis- 
carded or  is  gradually  being  replaced  by  better  management  of  live- 
stock. Woods  grazing  under  lease,  with  its  greater  recognition  of 
property  rights,  lowers  the  probability  of  damage  from  wildfires  and 
reduces  losses  from  timber  theft.  Timber  stand  improvement  work 
is  now  making  increasing  use  of  girdling  and  herbicides  in  control- 
ling inferior  hardwoods.  Where  such  measures  are  applied  to  lands 
without  sufficient  advance  reproduction  of  loblolly  pine,  they  may 
double  the  production  and  improve  the  quality  of  grass  available 
for  cattle. 

Grazing  practices 

Forest  grazing  operations  may  take  different  forms:  (1)  Year- 
long use  of  the  range  with  supplemental  feeding  in  winter  to  keep 
the  animals  alive.  (2)  long-season  forest  grazing,  with  the  use  of 
farm  pastures,  cover  crops,  and  supplemental  feed  in  winter  to 
keep  the  stock  in  fair  condition,  and  3  short-season  forest  oTazins> 
in  spring  and  early  summer  only:  during  the  rest  of  the  year  the 
cattle  are  well  nourished  on  farm  pastures,  field  aftermath,  cover 
crops,  and  adequate  winter  feed  (Campbell  1944'.  Typical  results 
of  operations  (1)  and  (3)  on  loblolly  pine  forest  range  in  Louisiana 
were  as  follows : 

Calf  crop         Calf  weight       Death  losses 
Operation1  (percent)  (pounds)  (percent) 

1   35-40  250-275  5-10 

3    70-80  350+  Under  2 

1  The  results  from  operation  Xo.  2  were  intermediate.  Calf  weights  were  taken  at  weaning  time 
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Overstocking  with  grazing  animals  may  injure  soil  and  loblolly 
pine  seedlings ;  overstocking  of  pines  leaves  scant  herbaceous  forage 
for  grazing.  If  properly  managed,  the  middle  ground  between  these 
extremes  can  produce  both  wood  and  beef.  Grass  grown  under  a 
tree  canopy  that  is  one-third  to  one-half  complete,  and  in  a  forest 
perhaps  one-half  to  two-thirds  stocked  with  trees,  amounts  to  30  to 
40  percent  of  the  native  forage  production  of  completely  open  lands 
in  the  Coastal  Plain.  Browsing  fortunately  retards  the  broad-leaved 
competitors  of  loblolly  pine  more  heavily  than  it  does  the  pine, 
thus  benefiting  pine  regeneration  on  some  Piedmont  areas.  For 
example,  on  Piedmont  forest  ranges  where  pines  remained  untouched, 
the  extent  of  browsing  on  hardwoods  up  to  1  inch  in  d.b.h.  was  as 
follows     Shepherd.  Kaufman,  and  Biswell  1946  ■  : 

Portion  of  stand  browsed  under — 


Seedlings  or  sprouts  Moderate  grazing  Heavy  grazing 

(percent)  (percent) 

Yellow-poplar   22  67 

Blackgum   30  65 

Redbud   25  54 

Hickorv   3  33 

Red  ma  pie   8  20 

Dogwood   4  16 

Sweet  gum   9  15 


In  the  upland  forests  of  that  plateau  eattle  grazing  may  be  permitted 
because  any  reduction  in  hardwoods  is  beneficial  to  loblolly  pine ; 
but  continuous  heavy  grazing  should  be  avoided  because  of  the 
danger  of  erosion  and  the  chance  of  a  large  weight  loss  in  the  cattle. 
Forage  production  is  negligible  in  pine  plantations  or  under  fully 
stocked  stands.  The  carrying  capacity  of  a  forest  range  varies  in- 
versely with  the  tree  cover,  and  the  acquired  weight  of  the  animals 
varies  inversely  with  the  degree  of  stocking  on  the  forest  range. 
In  open  broomsedge  areas,  or  luxuriant  honeysuckle.  2  acres  per  cow 
per  month  is  sufficient  Kaufman  1949  .  but  as  stands  of  timber 
close  in  S.  10.  or  more  acres  per  animal  per  month  may  be  needed. 

Fire  hazard  can  be  abated  in  young  pine  stands  and  in  planta- 
tions where  broomsedge  is  plentiful  by  providing  a  grazing  load  just 
large  enough  to  hold  the  grass  down  throughout  the  season.  The 
short  spring  grazing  season  in  Piedmont  forests  may  be  insufficient 
for  this  purpose  unless  followed  by  late  summer  grazing  to  consume 
the  regrowth.  In  the  coastal  flatwoods.  where  there  is  no  erosion 
problem,  the  loblolly  pine  forest  furnishes  forage  and  browse  in 
season,  with  some  shelter,  to  many  head  of  cattle.  They,  in  turn, 
reduce  accumulations  of  forest  fire  fuels  from  10  to  75  percent 
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(Shepherd,  Kaufman,  and  Biswell  1946),  depending  on  ground  cover, 
degree  of  stocking,  and  the  feasibility  of  supplemental  burning. 
Controlled  burning  may  help  both  pines  and  grass,  but  ordinarily 
the  use  of  fire  should  be  prescribed  to  meet  timber  rather  than  graz- 
ing needs.  The  cattle  will  concentrate  on  range  lands  that  have 
been  burned. 

Herds  receiving  adequate  yearlong  nutrition  and  good  care  pro- 
duce 3  to  1  times  as  much  beef  per  cow  as  poorly  managed  herds 
Campbell  and  Cassady  1951).  Advances  in  animal  husbandry — 
better  livestock,  improved  pastures,  fence  laws,  and  supplemental 
feeding  of  cattle — together  with  advances  in  silviculture  are  making 
it  increasingly  possible  to  manage  understocked  pine  lands  profit- 
ably -Campbell  and  Biswell  1944). 

Forage  production 

The  bluestems  (Andropogons) ,  and  associated  forage  species131 
predominate  over  50  million  acres  and  make  up  nearly  two-thirds  of 
the  forage  grazed  by  cattle  in  the  loblolly  pine  belt.  Such  range  is 
best  used  for  grazing  only  in  the  spring.  Associated  species  that 
grow  earlier  and  later  than  the  bluestems  lengthen  the  grazing'  sea- 
son and  give  desirable  variety  to  the  diet  of  cattle. 

In  undisturbed  loblolly  pine  forest  range,  forage  production  de- 
creases with  any  natural  increase  in  woody  vegetative  cover.  With 
each  increase  of  1  percent  in  tree  and  shrub  cover  forage  declines 
about  1.5  percent  beneath  an  overwood  or  1.0  percent  beneath  a  cover 
of  shrubs  only.  A  desirable  growth  of  forage  can  be  stimulated  mate- 
rially by  reducing  the  density  of  an  overwood.  In  the  absence  of  trees 
and  shrubs  on  the  Coastal  Plain  of  Georgia.  9  acres  of  range  are 
needed  from  March  to  January  for  each  500-pound  steer  to  make  max- 
imum gains,  or  15  acres  for  a  mature  animal.  The  grass  may  yield 
about  1.000  pounds  of  herbage  per  acre,  but  less  than  half  of  it  is  us- 
able under  moderate  grazing.  Fire  removes  the  "rough"  of  dead 
grass  and  weeds  and  makes  nutritious  forage  more  readily  available 
to  grazing  animals.  Where  they  utilize  little  more  than  a  third  of  the 
native  forage,  the  returns  per  animal  are  favorable. 

The  superiority  of  fresh  spring  growth  of  native  forage  is  shown 
by  chemical  analysis.  Samples  taken  in  Louisiana  (Campbell  and 
Cassady  1951)  show  a  spring  protein  content  of  9  to  15  percent 
decreasing  to  about  7  percent  in  summer  and  5  percent  or  less  in 

131  The  principal  native  species  are  little  bluestem,  pinehill,  and  other  blue- 
stems,  pinewoods  dropseed,  panieums,  Paspalum  spp.,  eutover  nmhly,  and  legumes. 
Williams,  B.  E.,  Cassady.  J.  T.,  Halls,  L.  K.,  and  Woolfolk.  E.  J.  Range  Re- 
sources of  the  South.    Ga.  Agr.  Expt.  Bui.  X.S.  9,  1955. 
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winter.  Phosphorus  content  was  not  adequate  at  any  time  of  year, 
even  at  its  peak  of  0.14  percent  in  spring.  Calcium  was  adequate 
throughout  the  active  growing  season.  Supplemental  protein  con- 
centrate or  hay  is  needed  for  any  animals  left  on  the  range  during 
autumn  and  winter. 

Little  has  been  done  in  the  South  toward  nou  in  tensive  range  im- 
provement through  direct  seeding  of  better  forage  plants.  Carpet 
grass  is  one  accidentally  introduced  exotic  species  that  can  hold  its 
own  and  advance  slowly  in  competition  with  native  grasses  under 
close  grazing  along  the  gulf  coast.  There,  on  infertile  soils  carpet- 
grass  and  common  lespedeza  afford  the  greatest  net  return  regard- 
less of  treatment,  but  site  preparation  and  reseeding.  or  transplant- 
ing blocks  of  sod.  does  speed  up  establishment  and  lead  to  better 
stands.  The  tendency  for  earpetgrass  to  spread  naturally  under 
close  grazing  is  desirable  because  it  checks  erosion  along  old  woods 
roads  and  improves  summer  grazing  'Cereniello  1942  .  Yields  of 
700  to  S00  pounds  per  acre  of  herbage  may  be  expected  from  carpet- 
grass.  75  percent  of  which  is  usable  for  grazing. 

Cattle  tend  to  select  forage  of  high  palatability  or  nutritive  value, 
resulting  in  overgrazing  and  elimination  of  some  species,  like  the 
highly  prized  southern  switch  cane.  The  grazing  values  on  fire 
lanes  or  patches  of  revegetated  range  benefit  from  introduction  of 
selected  legumes  and  other  forage  plants  suitable  for  a  given  locality. 
For  example  in  Xorth  Carolina  certain  cool-weather  leguminous 
perennials,  such  as  Ladino.  Louisiana  white  clover,  and  big  trefoil, 
extend  the  grazing  season  and  remain  noncombustible  in  autumn  and 
winter.  Dallisgrass  or  lespedeza  improve  summer  grazing.  A  ground 
cover  composed  of  a  mixture  of  clover  and  grass  serves  to  crowd  out 
weeds  that  have  less  feed  value  and  present  a  high  fire  hazard. 
Other  favorite  species  have  adaptations  which  enable  them  to  tolerate 
heavy  trampling  and  cropping  by  animals.  Thus  a  high  ratio  of 
vegetative  stems  to  fruiting  stems  helps  some  plants  to  withstand 
close  utilization  Reehenthin  1956  .  Bermudagrass  and  earpetgrass 
have  stolons  or  rhizomes,  or  both,  that  keep  the  new  growth  close 
to  the  ground.  Other  grasses,  like  the  native  little  bluestem.  are 
less  nutritious  in  summer,  but  possess  many  short  basal  nodes  to 
initiate  adventitious  roots  and  new  primary  and  secondary  roots  re- 
peatedly, i.e.,  to  1 ' tiller."  These  adaptations  make  certain  species 
efficient  producers  of  forage.  Indirectly,  of  course,  improvements 
in  ground  cover  conserve  both  watershed  and  recreation  values  in 
the  loblolly  pine  forest. 

Range  practice  should  also  favor  the  legumes,  because  the  more 
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vigorous  native  grasses  tend  to  shade  or  starve  them  out.  The  ranse 
value  of  legumes  derives  from  two  qualities:  (1)  Rich  feed  value 
due  to  high  eontent  of  protein,  vitamins,  and  mineral  salts,  especially 
calcium  and  phosphorus,  and  (2)  the  benefit  they  extend  to  othpr 
plants  growing  with  them  by  elaborating  nitrogen  compounds  in 
their  root  nodules  and  subsequently  releasing  them  in  the  soil. 

To  the  extent  that  the  better  forage  plants  can  be  propagated 
under  loblolly  pines  they  need  not  be  provided  on  separate  grazine 
areas.  Where  forest  grazing  cannot  be  managed  in  conjunction 
with  a  farm  having  commensurate  facilities  for  animal  husbandry, 
grass  for  cattle  may  still  be  established  in  forest  pastures  or  on  the 
strips  of  forest  land  cleared  for  firebreaks.132 

Pasturing  fire  Janes 

Well-grazed  strip  pastures  of  superior  forage  do  offer  an  oppor- 
tunity for  low-cost  fire  protection  for  extensive  Coastal  Plain  forests. 
Sod  lanes,  kept  green  or  closely  grazed,  can  be  both  productive  and 
nonflammable  during  the  fire  season  j  Shepherd.  Kaufman,  and  Bis- 
well.  1946  .  Appropriate  species  established  on  a  system  of  properly 
spaced  18- to  66-foot  lanes  can  provide  not  only  forage  but  also 
emergency  access  in  case  of  fire.  In  sections  where  grass  is  only 
lightly  grazed,  and  hence  only  partially  effective  as  a  barrier,  it  is 
best  to  plow  a  fire  line  or  build  a  road  in  the  center  of  the  lane. 
Marginal  fuel  reduction,  through  forage  consumption,  may  then 
reduce  the  height  of  flames  enough  so  that  a  relatively  narrow  strip 
of  bare  soil  will  stop  the  spread  of  fire.  To  prepare  strip  pastures 
the  trees  and  shrubs  should  be  removed  and  the  ground  double- 
disked  to  turn  under  the  grass,  weeds,  and  litter  several  weeks  be- 
fore seeding  so  that  rain  can  settle  the  soil.  A  heavy  tandem  disk 
can  be  drawn  by  a  wheel  tractor  on  average  sites  or  by  a  crawler 
tractor  on  brushy  or  wet  sites.  In  North  Carolina,  plowing  with  a 
Mathis  fire  plow,  followed  by  several  trips  over  with  a  heavy  brush- 
and-bog  harrow  has  been  most  effective,  but  chopping  with  the 
Marden  brush  cutter  has  been  the  most  economical  method  |  Hughes 
and  Rea  1951  . 

In  pure  stands,  legumes  generally  give  better  fire  protection  than 
the  grasses,  but  a  mixture  of  grass  and  a  legume  is  better  than 
either  one.  Such  a  mixture  tends  to  provide  stronger  competition 
to  weeds  than  either  element  alone,  and  a  better  sod  of  more  suc- 

132  For  the  improvement  of  pastures  in  Louisiana,  kudzu  and  sudangrass  are 
suggested  for  summer:  a  mixture  of  Dallisgrass,  carpetgrass.  and  lespedeza  for 
summer  and  autumn,  and  oats  or  Kentucky  31  fescue  for  autumn  and  winter 
grazing  'Campbell  and  Cassady  1951  . 
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culent  forage  over  a  longer  period.  A  mixture  of  carpetgrass  and 
lespedeza  lias  been  successful  in  Louisiana  (Peevy  and  Cassady 
1957).  Carpetgrass  and  white  clover  are  good  for  fire  protection 
because  they  encourage  close  grazing.  Two  years  after  establish- 
ment, Alta  fescue,  a  cool-season  perennial,  is  green  and  nonflammable 
also  in  winter.  It  gives  excellent  protection,  and  when  mixed  with 
white  clover,  big  trefoil,  and  Dallisgrass  the  carrying  capacity  is 
high  in  North  Carolina  (Shepherd  1952).  In  Georgia  excellent  win- 
ter grazing  has  been  attained  through  complete  fertilization  for  such 
crops  as  oats  and  Abruzzi  rye. 

Some  fertilization  is  desirable  for  establishment,  maintenance, 
and  close  grazing  of  nearly  all  introduced  species  offering  any  ap- 
preciable improvement  over  the  native  range.  If  well  developed 
and  managed,  the  introduced  forage  will  largely  pay  for  the  establish- 
ment and  maintenance  of  the  fire  barriers. 

WILDLIFE  VALUES 

Wildlife  inhabitants  in  loblolly  pine  forests  are  of  recognized  in- 
direct and  aesthetic  value  to  man  for  recreation,  angling,  and  hunt- 
ing. In  this  type  of  forest  the  damages  from  wildlife,  or  direct 
benefits  from  its  presence,  are  usually  minor.  Through  cutting, 
grazing,  burning,  and  soil  manipulation  much  can  be  done  in  forest 
management  to  favor  or  reduce  fish  and  wildlife  populations  (Arnold 
and  Hankla  1958). 

Deer 

Game  management  for  deer  and  timber  management  for  loblolly 
pine  are  compatible  over  large  areas.  On  limited  areas  the  combina- 
tion leads  to  some  conflict  of  interests  when  any  intensive  cultural 
measures  are  introduced.  Seldom  is  the  control  of  stocking  of  either 
deer  or  pine  sufficient  to  maintain  good  balance.  Where  deer  herds 
grow  large  they  may  interfere  with  regeneration  of  pine ;  where 
silviculture  produces  dense  stands  of  pine,  the  deer  may  be  short 
of  forage.  Unbalanced  populations  periodically  lead  to  starvation 
and  disease  for  deer  herds  on  unimproved  range,  and  before  a 
balance  is  restored  the  smallest  loblolly  pine  seedlings  may  suffer 
severe  browsing  damage.  Deer  herds  on  southern  forest  ranges — 
already  as  large  as  20  to  160  thousand  deer  in  each  state — are  grow- 
ing rapidly.  Big  game  in  the  southeastern  national  forests  alone 
increased  by  22  percent  in  a  recent  5-year  period,  during  which 
hunting  pressure  increased  140  percent.    But  as  yet  the  failure  of 
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sportsmen  to  harvest  full  crops  of  deer  has  not  prevented  the  use  of 
land  to  grow  pine  in  the  South  as  it  has  in  some  northern  states. 

The  loblolly-shortleaf  pine  type  of  forest  is  attractive  to  deer, 
particularly  if  its  form  is  patchy  and  many-aged.  Pure  stands  of 
pine  are  less  favorable  than  those  with  an  admixture  of  certain  hard- 
woods. Several  of  these,  such  as  hawthorn,  blackgum,  persimmon, 
hickory,  and  oak  occur  as  associate  species  or  along  small  streams. 
Many  loblolly  pine  forests  include  also  some  bottom-land  hardwoods 
valuable  to  game  animals  (Miller  1956).  Sufficiently  large  breeding 
herds  exist  to  provide  rapid  expansion  of  the  deer  population  in 
much  of  the  loblolly  pine  range. 

An  unpopulated  deer  range  may  be  initially  stocked  to  advantage 
with  a  preponderance  of  does.  Halloran  (1943)  suggests  one  buck 
to  6  does.  But  to  keep  a  herd  in  balance  with  its  habitat,  current 
concepts  indicate  that  legal  harvests  should  be  nonselective  as  to  sex 
and  age.  Composition  of  large  herds  may  be  determined  by  using 
kill  data  from  check  stations  where  large  samples  can  be  gathered 
during  hunting  seasons  set  without  sex  or  age  restrictions.  Else- 
where estimates  of  current  populations  on  limited  areas  may  be 
based  on  driving  deer  out  of  selected  sample  areas  and  counting 
them  as  they  emerge.  Deer  pellet  counts  have  been  used  rather 
successfully  to  estimate  deer  populations. 

The  rate  at  which  deer  reproduce  is  affected  by  both  the  quantity 
and  quality  of  food  available  to  them.  On  good  range  they  repro- 
duce each  year  at  the  rate  of  about  2.0  fawns  per  adult  doe,  about 
1.5  fawns  per  yearling  doe.  and  about  0.35  fawn  per  fawn  doe.  A 
healthy  well-fed  herd  of  1.000  deer  can  produce  as  many  fawns  as 
a  herd  of  1.600  poorly  fed  deer  on  overbrowsed  range.  One 
deer  per  100  acres  of  forested  range  represents  a  low  population 
that  may  safely  be  increased  under  good  habitat  conditions.  One 
head  for  each  20  acres  is  feasible  for  an  autumn  concentration  in  a 
forest  of  mixed  composition  and  several  age  classes.  Further  in- 
creases, however,  may  lead  to  starvation  causing  deterioration  in 
both  the  herd  and  range  (Baldwin  1957,  Barrick  1958V 

The  manager  of  deer  herds  should  watch  the  range  in  order  to 
recognize  excessive  browsing  on  plants  preferred  as  food  while  there 
is  still  time  to  control  populations  at  a  level  that  can  readily  be 
sustained.  He  should  not  wait  until  the  symptoms  of  overstocking 
become  extreme.  By  the  time  a  well-defined  overhead  browse  line  is 
in  evidence  the  deer  are  damaging  the  forest,  facing  starvation,  and 
destroying  their  own  food  supply.  This  problem  can  be  solved  in 
either  or  both  of  two  ways:  (1)  reduce  the  herd,  or  (2)  log  the  range 
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to  create  browse  from  sprouts.  When  and  where  protection  of  pine 
regeneration  against  browsing  damage  is  needed,  it  may  be  neces- 
sary to  reduce  deer  stocking  somewhat  below  the  level  of  forage 
availability  (Burke  1956).  This  may  be  laboriously  accomplished  by 
trapping  to  remove  excess  deer  for  distribution  to  other  areas,  or 
by  hunting.  Controlled  hunting  is  preferable  in  most  cases.  Suc- 
cess on  the  better  deer  hunts  varies,  with  one  deer  killed  by  each  6 
to  10  hunters. 

Small  game 

Much  of  the  recreation  for  hunters  is  furnished  by  small  animals. 
There  are  four  small-game  hunters  to  one  big-game  hunter.  Quail, 
rabbit,  and  squirrel,  for  example,  provide  three-quarters  of  all  the 
hunting  man-hours  in  Xorth  Carolina.  Hardwood  forest  is  preferred 
by  most  of  the  smaller  birds,  though  some  pine  needles  are  used  for 
nests  and  pine  trees  are  nesting  sites  for  mourning  doves.  Loblolly  - 
shortleaf  pine  forests  are  attractive  to  turkey,  and  to  a  lesser  extent 
to  quail. 

Autumn  populations  of  turkey  on  the  better  ranges  may  not  exceed 
one  bird  per  125  acres  (Lnlig  and  Bailey  1952).  There  is  some  evi- 
dence that  turkeys  do  not  do  well  with  cattle  on  the  range,  and.  with- 
out measures  to  improve  their  habitat,  they  do  not  thrive  in  pine 
forests  of  less  than  15,000  acres  (Miller  1956  L  They  may  need  pre- 
scribed burning,  supplemental  food  and  water,  and  special  protection. 
Even  so,  increases  in  their  populations  are  slow  at  best,  and  artificial 
restocking  with  these  birds  is  likely  to  succeed  only  if  a  wild  strain 
is  transplanted.  An  upland  pine  range  suitable  for  turkey  should 
include  some  well-watered  hardwood  sites.  Food  for  turkey  should 
be  available  adjacent  to  the  pine  thickets  used  for  cover — or  at  least 
it  should  not  be  more  than  a  quarter  mile  away.  Native  food  plants 
may  be  supplemented  on  1-  to  4-acre  clearings  or  on  80-  to  100-foot 
fire  lanes  that  have  been  seeded  as  pastures  and  maintained  by 
mowing.  For  this  purpose  annual  browntop  millet,  winter  grains, 
or  perennial  Laclino  and  crimson  clover  may  be  suitable  (Baldwin 

1957)  . 

In  southern  Georgia  foxes  are  most  abundant  in  areas  of  mixed 
woods  and  cultivation.  In  the  pine  forest  there  are  more  foxes 
where  the  underbrush  is  least  dense  (Wood,  Davis,  and  Komerek 

1958)  . 

Squirrels  show  some  preference  for  a  pine  and  hardwood  range 
lightly  grazed  by  cattle.  Squirrels  are  most  abundant  during  the 
later  stages  in  forest  succession  when  nut  bearing  trees  supply  food. 
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Their  preferred  food  is  mast  of  hickory,  white  oaks,  and  to  a  lesser 
extent  black  oaks  and  pine.  They  feed  on  berries  and  other  fleshy 
fruits  when  they  are  in  season.  Like  raccoons,  squirrels  are  attracted 
to  den  trees  with  one  or  more  hollows  at  least  10  feet  above  ground. 
Although  opinions  differ,  four  den  trees  of  any  species  for  each  10 
acres  are  believed  to  be  sufficient,  provided  that  the  distance  between 
trees  does  not  exceed  7  chains  (Vincent  1956). 

During  the  early  stages  of  revegetation  of  idle  lands,  the  usual 
ground  cover  is  most  attractive  to  both  rabbits  and  quail.  Environ- 
mental changes  favorable  to  quail  can  be  induced  by  landowners 
under  a  rotational  system  of  harvesting  timber.  Some  interspersion 
of  various  age  classes  of  pine  affords  protection,  food,  and  nesting 
cover,  and  hence  is  essential  to  the  continued  production  of  quail. 
An  increase  in  numbers  of  quail  begins  with  the  first  opening  of  a 
closed  forest  canopy.  It  has  been  observed  in  Texas  (Lay  1 940) 
that  during  the  first  4  years  after  cutting,  the  pine  forest  per  covey 
averages  141  acres.  The  bird  population  then  rises  to  a  peak,  about 
the  eighth  year,  of  77  acres  per  covey;  then  declines  to  about  95 
acres  per  covey  from  the  10th  to  the  15th  year.  In  older  tracts  of 
forest  there  were  about  500  acres  per  covey  of  quail. 

The  management  of  quail  is  feasible  where  loblolly  pine  is  being 
grown,  particularly  where  the  reproduction  areas  can  be  numerous, 
small,  and  scattered.  Recommendations  include  not  only  protection 
of  the  range  from  heavy  grazing,  predators,  and  overshooting,  but 
also  brush  clearing  in  spots,  plowing  with  optional  planting  of' feed 
patches,  and  some  burning  of  slash  under  carefully  regulated  con- 
ditions. In  Alabama  and  Georgia,  burning  has  been  observed  to  in- 
crease the  area  occupied  by  herbaceous  quail-food  plants  (Moore 
1956),  and  the  birds  prefer  a  1-year  rough  for  nesting.  Quail  will 
benefit  where  prescriptions  to  burn,  thin,  and  prune  can  be  started 
early.  Food  patches  can  be  made  by  fertilizing,  disking,  and  sowing 
seed  of  various  millets  for  autumn  and  annual  lespedezas  for  winter 
food  (Baldwin  1957). 

Xo  other  use  for  wildlife  in  the  loblolly  pine  forest  has  increased 
as  much  in  recent  years  as  fishing.  In  the  Southeast  there  are  only 
about  5  feet  of  fishing  streams  per  fisherman.  Streamside  zones  in 
pine  stands  should  be  protected  so  as  to  provide  satisfactory  stream 
conditions.  For  example,  silt  buffers  help  to  keep  the  water  clear 
and  shade  will  keep  it  relatively  cool.    Where  artificial  ponds133  can 

133  Pond   may  earry  10()  tQ  50Q  pounds  Qf  fish        ^  a^  ^alf 

ot  the  weight  can  be  caught  annually  on  a  sustained-yield  basis.  Fertility  of 
watersheds  controls  the  productivity  of  fishing  waters.  The  yield  of  fish  de- 
pends on  subsequent  management  to  maintain  fertility  and  a  favorable  balance 
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be  created  within  a  loblolly  pine  forest,  they  provide  water  for  live- 
stock, for  fire  fighting,  and  for  recreation. 

Habitat  and  food  supply 

Improvements  in  habitat  and  food  supply  on  game  management 
areas  and  elsewhere  provide  the  possibility  of  an  overflow  of  surplus 
game  populations  into  the  surrounding  forest,  but  many  species  are 
essentially  iionmobile.  Hence,  in  the  absence  of  favorable  environ- 
ment, the  repopnlation  of  surrounding  areas  by  this  means  may  be 
temporary.  All  strata  in  a  forest  contribute  something  to  the  habitat : 
(1)  The  overstory,  mast  and  dens;  (2)  the  understory.  mainly  pal- 
atable browse:  (3)  the  ground  cover,  forage  and  game  food  includ- 
ing berries  and  seeds:  and  4  the  ground  itself,  available  water. 
Living  conditions  for  wild  creatures  of  the  forest  are  modified  most 
by  man  thr<  ugh  the  pattern  left  by  his  muting  and  burning  opera- 
tions. Maximum  diversity  in  the  vegetation  is  most  beneficial,  for 
it  is  capable  of  yielding  a  variety  of  food  over  extended  periods. 

Timber  cutting  that  results  in  a  scattering  of  small  openings 
augments  food  supplies  for  several  species  of  game  animals.  Even 
though  the  resulting  increase  in  understory  vegetation  may  produce 
abundant  browse,  some  additional  timber-growing  space  may  be 
deliberately  sacrificed  for  mast  to  maintain  game  animals.  Fire, 
properly  used,  can  improve  the  range  for  deer,  turkey,  and  quail.134 
Removal  of  dense  patches  of  underbrush  destroys  the  hiding  places 
for  animals  that  prey  on  turkeys  Hills  1954  .  Certain  shrubs, 
vines,  and  minor  vegetation,  stimulated  by  fire,  are  important  in 
their  food  supply.  Berry  bushes,  herbs,  and  grass  should  supply 
cover  without  restricting  the  movement  of  quail. 

Probably  no  more  than  a  third  of  the  native  plants  available 
during  the  growing  season  are  used  by  deer.  For  example,  they  may 
feed  on  yaupon.  greenbrier.  and  water  oak,  but  shun  sweetgum.  wax- 
myrtle,  and  pine.  Where  natural  foods  are  of  poor  quality,  or  in 
limited  supply,  the  planting  and  fertilization  of  pasture  crops  may 
be  advisable  in  spots  to  offset  nutrient  deficiencies  in  winter  protein 
and  phosphorus.  In  winter  on  unimproved  range  deer  subsist  on 
buds,  leaves,  twigs,  and  bark.  In  spring  the  sprouting  of  low  hard- 
wood brush,  killed  back  by  fire,  places  fresh  foliage  within  their 
reach.    AVhere  understories  are  9  to  12  feet  high,  the  effect  of  fire 

between  prey  and  predator  species  in  the  pond.  There  should  be  about  1  pound 
of  predators  to  between  3  and  6  pounds  of  nonpredators. 

134  Stoddard,  H.  L.  Use  of  fire  on  southeastern  game  lands.  19  pp.  Coop. 
Quail   Study   Assoc.,   Sherwood  Plantation,   Thomasyille,   Ga.,  1936. 
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may  be  to  reduce  browse  for  2  years,  but  to  increase  herbaceous  food 
for  at  least  3  years  with  little  change  in  total  forage  (Lay  1956). 

Deer,  turkey,  and  quail  suffer  some  loss  of  food  in  the  general 
reduction  of  mast.  Acorns,  a  winter  staple  for  deer  only  in  years 
of  abundance,  supply  protein  comparable  to  that  given  to  cattle  in 
their  winter  supplements.  Acorns  result  in  an  extra  layer  of  fat 
that  helps  the  deer  through  the  winter  and  assists  in  their  reproduc- 
tion, but  they  are  not  indispensable.  Winter  diets  for  deer  can  be 
improved  by  planting  annual  ryegrass  or  fescue  on  forest  roadways 
and  firebreaks  (Miller  1956).  Burning  may  result  in  a  net  loss  for 
squirrels,  depending  on  the  degree  to  which  they  rely  on  the  local 
under  story  mast. 

McAttee  (1936)  has  systematically  listed  the  genera  of  plants 
known  to  be  of  most  value  in  providing  cover,  browse,  herbage,  mast, 
fruit,  and  seeds  for  wildlife.  From  one  to  three  of  these  uses  is 
designated  for  each  plant  listed.  Among  the  best  of  these  plants 
are  the  herbaceous  legumes.  A  variety  of  merits  makes  them  valu- 
able in  conserving  soil  and  benefiting  wildlife.  Some  species  tolerate 
acid  soil,  and  all  of  them  grow  well  in  mixture  with  grasses.  Many 
mature  early  and  reseed  themselves,  especially  after  a  hot  fire,  but 
artificial  preparation  of  the  site  is  often  preferable.  They  propagate 
readily  by  direct  seeding  if  attention  is  given  to  the  possible  need 
for  scarification,  repellents,  and  inoculation.  By  adding  nitrogen 
compounds  to  the  soil,  legumes  benefit  neighboring  plants.  They 
have  high  forage  value,  thrive  in  well-drained  upland  game  habitats, 
provide  cover,  and  produce  nutritious  seeds  often  available  in  winter 
as  staple  foods.  Few  legumes  are  pernicious  or  poisonous  weeds,  and 
legumes  do  not  serve  as  alternate  hosts  to  any  seriously  injurious 
fungi  or  insects  (Graham  1941  . 

Because  pine  seeds  are  vital  for  forest  regeneration  only  in 
selected  years,  there  is  usually  a  surplus  available  to  birds' and 
rodents  at  other  times.  While  the  hardwood  associates  of  loblollv 
pine  supply  the  bulk  of  the  food  for  wildlife,  pine  seeds  furnish  a 
seasonal  source  of  food  for  small  mammals.,  doves,  quail,  and  various 
other  ground  feeding  birds.  Twenty  or  more  species  of  songbirds 
feed  on  loblolly  pine  seeds  to  some  extent.  Pine  seeds  actually  sup- 
ply more  than  half  of  the  diet  for  the  red  crossbill  of  the  finch 
family. 

^  Essential  as  food  is  for  wildlife,  it  often  remains  unutilized  where 
suitable  cover  is  not  sufficiently  close.  Game  animals  need  cover 
because  of  its  capacity  to  serve  first  as  a  hiding  place  and  then  as 
an  impediment  to  pursuit  by  predators.    With  the  possible  exception 
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of  turkeys,  convenient  location  of  cover  in  relation  to  food  supplies 
is  a  prime  consideration  in  the  evaluation  of  game  habitats  (McAtee 
1936)  within  the  loblolly  pine  forest. 

Management  of  wildlife 

Long-term  wildlife  management,  together  with  loblolly  pine  man- 
agement, must  be  considered  forestwide,  with  only  such  controls  as 
are  required  to  properly  harvest  desirable  surpluses,  and  thus  pro- 
tect other  values.  Large  and  diversified  acreages  in  blocks  of  sufficient 
size  to  provide  a  management  unit  are  required  for  satisfactory 
wildlife  production.  With  the  possible  exception  of  quail  and  squir- 
rel, blocks  of  less  than  5,000  acres  do  not  offer  favorable  wildlife 
opportunities  (Miller  1956).  On  such  blocks  complete  protection 
from  unregulated  fire,  livestock,  and  hunting  alone  may  result  in 
adequate  populations  of  wildlife,  though  in  places  some  protection 
from  predators  is  advisable. 

Many  timber  management  operations  to  better  the  accessibility, 
composition,  structure,  and  yield  of  a  loblolly  pine  forest  are  con- 
sonant with  game  management.  Prescriptions  for  the  use  of  fire,  as 
well  as  specifications  for  firebreaks  and  roadways,  commonly  im- 
prove the  environment  for  wildlife.  Such  work  may  need  to  be 
supplemented  by  specific  measures  to  achieve  a  desirable  diversity 
and  distribution  of  both  food  and  cover.  For  example,  the  sowing 
and  fertilization  of  isolated  openings  to  grass  and  legumes  benefits 
the  wildlife. 

Scattered  trees  of  seed-bearing  species  like  oak,  gum,  and  dog- 
wood should  be  retained  on  perhaps  25  percent  of  the  forest,  though 
actually  occuping  less  than  10  percent  of  the  area.  The  timber  stands 
should  be  interspersed  with  openings  covering  15  to  20  percent  of 
the  forest.  These  may  include  quarter-acre  pine  reproduction  areas 
as  well  as  the  rights  of  way  for  public  utilities,  service  roads,  trails, 
lanes,  and  log  or  pulpwood  yards  used  only  periodically. 

Timber  stand  improvement  operations  can  readily  reserve  some 
den  trees  and  adequate  numbers  of  food  trees.  These  measures  re- 
cur on  a  given  area  of  pine  forest  only  at  rather  long  intervals  during 
which  sprouting  hardwoods  produce  an  abundance  of  browse.  Fires, 
prescribed  in  winter  to  keep  understory  vegetation  at  a  low  level, 
renew  the  supply  of  browse  within  reach  of  deer.  Later,  as  harvest 
time  approaches,  preparatory,  selection,  or  seed-tree  cuttings  re- 
open the  overwood  in  a  manner  that  stimulates  food  plants  in  the 
ground  cover  and  benefits  quail,  deer,  and  turkey,  while  rabbits  use 
the  slashings  for  cover. 
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Pine  regeneration  in  pure  stands,  natural  or  planted,  usually 
develops  so  rapidly  (in  the  Gulf  states  east  of  Texas)  that  the 
openings  benefit  game  animals  only  temporarily.  In  like  manner 
thinning  or  improvement  cuttings  may  be  too  light  to  benefit  wildlife 
appreciably  during  the  early  years  of  a  rotation.  These  intermediate 
cuttings,  however,  together  with  suspension  of  controlled  burning, 
commonly  permit  some  hardwoods  to  grow  up  with  the  pines.  This 
development  results  in  little  loss  to  the  timber  crop  and  much  benefit 
to  wildlife. 

^  A  good  example  of  such  integration  of  management  for  game 
with  that  for  loblolly  pine  exists  in  the  Francis  Marion  National 
Forest  in  South  Carolina  where  release  cuttings  are  made  on  about 
1,600  acres  annually.  There  with  60-foot  clearings  along  access 
roads,  each  mile  provides  7  acres  of  game  food.  These  strips,  to- 
gether with  the  grassy  patches  reserved  for  game,  cover  1  to  4 
percent  of  the  forest  (Riebold  1956). 

A  recognized  need,  in  much  of  the  loblolly  pine  range,  is  enabling 
legislation  that  will  permit  greater  flexibility  in  the  administration 
of  game  regulations.  Laws  are  needed  that  will  implement  more 
effective  management  of  both  game  populations  and  their  habitats 
by  professional  game  biologists  and  foresters. 

MULTIPLE  USE 

Skillful  management  is  essential  to  utilize  a  loblolly  pine  forest 
successfully  for  a  wide  variety  of  purposes.  Such  utilization  is 
often  possible  but  not  always  advisable.  It  is  less  feasible  to  attain 
with  small  woodlands,  or  compartments  of  larger  tracts,  than  with 
extensive  forests.  Even  then  each  distinct  use  can  be  highly  de- 
veloped only  on  separate  areas.  On  each  of  these,  the  primary  use 
should  be  recognized  and  designated.  In  allocating  certain  areas  of 
forest  among  alternative  or  optional  uses,  an  attempt  should  be 
made  to  achieve  ultimately  a  reasonable  balance  between  the  net 
values  obtainable  from  different  products  or  through  various  services 
(Richards  1958). 

Integrated  production  requires  a  high  degree  of  skillful  man- 
agement to  bring  maximum  economic  returns.  Inevitable  conflicts 
arising  from  overlapping  uses  are  more  readily  tolerated  under 
nonintensive  management,  and  the  rewards  from  multiple  use  are 
most  likely  to  exceed  those  of  any  single  use  in  the  early  stages  of 
a  forest  enterprise.  Even  so,  many  measures  taken  specifically  to 
improve  water  relations,  soil  conditions,  or  vegetative  cover  for  the 
benefit  of  forests  or  watersheds  serve  also  generally  to  augment 


418 


LOBLOLLY  PINE 


values  obtainable  from  domestic  stock,  wildlife,  or  recreation.  Thus 
over  wide  areas  the  forestry  problem  is  that  of  attaining  the  wise 
multiple  use  of  loblolly  pine  land. 

SUMMARY 

In  obtaining  timber,  as  well  as  various  other  products  and 
services,  from  loblolly  pine  forest  lands,  soil  and  water  supplies  are 
basic  interacting  resources  that  need  to  be  conserved.  The  funda- 
mental quality  of  these  resources  is  best  realized  when  the  land  is 
managed  to  promote  values  obtainable  from  three  principal  products 
other  than  timber —  pure  water,  domestic  stock  or  wildlife,  and 
recreation. 

Revegetation,  not  only  with  loblolly  pine,  but  also  with  grass, 
forage,  and  other  food  or  erosion-control  plants — if,  when,  and  where 
needed — is  a  part  of  the  business  of  augmenting  each  of  these  supple- 
mentary forest  values. 

Although  the  loblolly  pine  belt  is  humid,  drought  sometimes  re- 
tards tree  growth  and  reduces  runoff.  The  silt  load  that  varies  with 
the  seasons  represents  erosion  losses.  It  may  signify  that  poor  land 
management  has  changed  too  much  of  the  relatively  slow  subter- 
ranean runoff  into  rapid  surface  flow.  By  contrast  good  management 
of  forest  cover  promotes  steady  subsurface  percolation  of  water ;  it 
delays  and  reduces  the  flashy  runoff  from  swollen  streams  and  sta- 
bilizes them.  In  one  17-year  period  reforestation  with  loblolly  pine 
did  not  alter  total  annual  flow,  but  it  did  decrease  surface  runoff 
from  69  percent  to  only  44  percent  of  that  total.  Simultaneously  in 
this  demonstration  of  rehabilitation  on  a  1,715-acre  watershed,  the 
decrease  in  erosion  lowered  sediment  load  in  the  stream  by  50  per- 
cent in  2  years  and  by  90  percent  in  10  years. 

Loblolly  pines,  more  deeply  rooted  than  cotton  or  corn,  are  them- 
selves less  sensitive  to  the  loss  of  topsoil.  Nevertheless,  the  value  of 
eroded  Piedmont  soils  as  sites  for  planting  pine  may  be  judged  by 
the  thickness  of  the  topsoil.  Where  loblolly  pine  thrives,  its  rapid 
growth  and  needle  cast  help  to  cover  and  hold  denuded  soils  in 
place. 

Under  intensive  practice  in  growing  loblolly  pine  timber  the 
values  obtainable  from  grazing  domestic  livestock  remain  secondary, 
because  full  development  encounters  too  many  conflicting  interests. 
As  no  individual  acre  can  produce  a  full  crop  of  both  timber  and 
forage,  these  crops  must  be  grown  largely  on  separate  areas  either 
inside  or  adjoining  the  forested  portion.  Potential  profits  from  beef 
cattle  in  the  forest  are  highest  where  adjacent  farms  provide  modern 
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facilities  for  animal  husbandry.  Openings  made  in  the  forest  canopy 
in  operations  for  timber  stand  improvement  do  increase  the  yield  of 
forage  to  some  extent,  However,  a  pine-hardwood  forest  can  be  only 
moderately  grazed  by  cattle  unless  improved  forage  is  available  on 
fire  lanes  or  supplemental  pastures.  Without  such  auxiliary  supplies 
of  forage  or  feed,  cattle  tend  to  lose  weight,  particularly  under 
heavy  stocking  and  in  late  season. 

The  quantity  of  fresh  grass  varies  with  forest  cover  and  with 
the  frequency  of  fire.  In  flat  terrain  the  forest  floor  can  sometimes 
be  burned  over  in  a  manner  that  will  favor  new  growth  of  both 
grass  and  pine,  but  usually  strictly  silvicultural  burning  takes  pre- 
cedence. Cattle  attracted  to  the  fresh  grass  on  burned  areas  within 
the  forest  may  consume  enough  potential  fuel  to  reduce  the  incidence 
of,  and  damage  from,  subsequent  unwanted  fires.  It  is  when  the  fire 
lanes  are  seeded  with  palatable  plants,  and  hence  always  grazed  closely 
enough  to  be  relatively  nonflammable,  that  cattle  not  only  make  the 
best  gains  but  also  contribute  most  toward  protection  of  the  forest 
from  fire. 

The  wildlife  values  to  be  had  from  loblolly  pine  forests  add  little 
to  the  safety  of,  or  profit  from,  most  forestry  enterprises,  but  they 
do  yield  recreation  dividends.  The  wild  creatures  need  suitable 
food,  cover,  and  home  sites.  Essential  silvicultural  measures,  such 
as  periodic  cutting,  controlled  burning,  and  scarification  of  the  soil, 
provide  incidental  benefits  to  wildlife  populations.  Both  deer  and 
several  kinds  of  small  game,  such  as  quail,  are  attracted  to  a  forest 
that  is  patchy  by  accident  or  many-aged  by  design.  A  pine-hard- 
wood type  of  range  that  is  grazed  lightly  by  cattle  seems  to  be 
preferred  by  squirrels,  but  not  by  wild  turkey.  Squirrels  apparently 
prefer  nut  producing  trees,  and  tend  to  increase  where  natural  den 
trees  are  available  or  where  artificial  nest  boxes  are  supplied.  Some 
hardwoods  may  be  reserved  for  mast  production.  Variety  in  shrubs 
and  ground  cover  improves  the  habitat  for  all  these  creatures  that 
contribute  to  the  recreational  value  of  a  loblolly  pine  forest. 

A  joint  consideration  of  the  needs  of  animals,  domestic  or  wild, 
and  of  the  soil  and  water  on  which  they  depend,  focuses  attention 
on  one  group  of  measures.  These  have  to  do  with  the  improvement 
of  the  native  ground  cover  and  the  revegetation  of  bare  spots.  The 
best  of  the  forage  plants  include  various  legumes  and  certain  grasses 
of  prostrate  growth  habit  with  a  high  ratio  of  vegetative  to  fruiting 
stems.  These  withstand  close  grazing,  hold  soil  from  erosion  and 
silt  from  streams,  and  prepare  denuded  areas  to  support  pine. 
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Where  the  pines  have  been  established,  with  or  without  benefit 
of  mulch,  they  do  well  in  holding  the  soil,  but  they  crowd  out  the 
herbaceous  ground  cover.  Accordingly  the  various  types  of  useful 
vegetation  should  be  fostered  on  appropriate  areas  in  any  extensive 
forest.  Fortunately,  under  multiple-use  management,  measures  to 
benefit  the  water  regime,  soils,  and  cover  in  watersheds,  also  gen- 
erally benefit  livestock,  wildlife,  and  recreation  values. 


Chapter  10 


Properties  and  Uses 


USES  FOR  LOBLOLLY  PINE 

Southern  pixe  is  not  oxly  used  extensively  in  the  United  States, 
but  is  also  exported,  mostly  throngh--AtlaBtie  ports^to  more  than 
70_countries  Wisehart  JJL-16  |  Loblolly  pine  wood  is  used  for  all 
purposes  served  by  the  southern  yellow  pines.135  In  fact,  loblolly 
pine  timber  that  passed  the  11  density  rule'"  contributed  to  the 
enviable  reputation  for  structural  timber  enjoyed  by  our  longleaf 
pine.136 

Xo  other  wood  has  a  wider  range  of  industrial  use.  The  principal 
uses  include  lumber  for  building  material,  such  as  joists,  frames 
plate  11  .  sheathing,  siding,  subflooring,  floors,  ceiling,  sash,  doors 
and  interior  finish.  Other  uses  are  for  furnishings  and  wooden- 
ware,  frames  for  upholstered  furniture,  boxes,  crates,  package  ve- 
neers, boats,  implements,  toys,  novelties,  slack  cooperage,  and  caskets. 
Piece  products  are  likewise  numerous ;  posts,  poles,  piling,  timber 
for  bridges  and  trestles,  props  and  other  mine  timbers,  crossties.  and 
crossarms. 

While  use  for  fuel  has  been  decreasing  a  pulpwood  market  for 
rough  pine  wood  has  developed.  Wood  of  little  value  for  lumber 
may  be  entirely  acceptable  for  pulping.  About  a  third  of  the  cubic- 
volume  of  our  sawtimber  trees  is  more  valuable  for  pulpwood  than 
for  saw  logs.  Our  many  pulpmills  provide  a  welcome  outlet  for 
numerous  defective!  and  other  inferior  trees  that  must  be  removed 
to  increase  the  productivitv  of  our  forests. 


13i 


There  is  one  major  exception.  An  early  report  (Sargent  1884  >  indicates 
that  turpentine  was  occasionally  made  from  lobloUy  pines,  but  without  com- 
mercial success.  Longleaf  and  slash  pines  alone  support  the  nayal  *tore*  in- 
dustry in  the  United  States. 

136  The  density  rule  requires  one-third  summerwood  and  not  less  than  *ix 
annual  rings  per  inch,  or  half  summerwood  with  not  less  than  four  rings  per 
inch.  Estimates  are  made  by  visual  inspection  of  the  ends  of  a  piece.  Wide 
rings  near  the  pith  of  boxed-heart  pines  may  be  disregarded. 


422 


LOBLOLLY  PINE 


Plate  11. — Pine,  much  of  it  loblolly,  remains  the  principal  material  used  in 
framing  houses  (U.S.F.S.  Photo). 


Sawtimber 

A  common  mistake  in  growing  sawtimber  is  failure  to  recognize 
those  logs  and  trees  that  can  more  advantageously  be  used  for  some 
other  product  of  greater  or  lesser  value.  It  is  not  enough  to  know 
merely  what  a  buyer  will  accept ;  it  is  vital  to  recognize  the  minimum 
size  of  tree  that  can  be  removed  with  profit. 
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A  basic  economic  justification  for  partial  cutting  is  extraction 
costs  which  are  lower  for  large  than  for  small  trees.  Lumber  from 
large  trees  is  worth  more  per  1.000  board  feet  than  that  from  small 
trees.  It  often  costs  twice  as  much  to  produce  1.000  board  feet  of 
lumber  from  8-inch  as  from  24-inch  trees,  though  the  lumber  from 
the  smaller  trees  may  be  worth  only  three-quarters  as  much.  This 
relation  varies  with  time  and  place  where  "costs  and  returns"  were 
studied,  yet  the  principle  holds.  For  each  operation  there  is  a 
diameter  limit  below  which  trees  do  not  pay  their  way  in  lumber 
production.    The  effect  of  this  limit  on  profits  should  be  considered. 

For  example,  it  was  found  « Garver  &  Miller  1933)  that  the  d.b.h. 
of  the  smallest  tree  which  paid  its  way  was  12  inches  in  second- 
growth  shortleaf  and  loblolly  pine  in  southern  Arkansas,  but  16 
inches  in  old-field  loblolly  pine  in  northern  Louisiana.  Under  lump- 
sum purchase  a  buyer  who  does  not  cut  for  grade  may  wish  to  cut 
down  to  11  or  12  inches  for  the  highest  gross  return,  but  the  greatest 
return  per  1.000  board  feet  comes  from  cutting  only  trees  15  inches 
in  diameter  or  larger.  The  economic  minimum  diameter  may  be 
only  10  or  ll^iches  for  crowded  loblolly  pines  of  intermediate 
crown  development  with  a  high  proportion  of  B  and  better  lumber, 
but  in  general,  trees  below  13  inches  did  not  pay  their  wav  in  1932 
(Paul  1932a). 

Nevertheless,  a  recent  study  hi  the  Piedmont  indicated  that  62 
percent  of  the  pine  lumber  is  being  cut  with  or  without  profit  from 
10-inch  or  smaller  logs  (  Haines  1953a  .  At  small  and  medium-sized 
mills,  which  saw  80  percent  of  all  the  pine  lumber  cut  in  Alabama, 
more  than  half  is  manufactured  from  logs  less  than  10  inches  in 
diameter  (fig.  98).  Trees  under  13  inches  should  be  reserved  if  sound ; 
if  defective  they  should  go  to  a  pulpmill  rather  than  a  sawmill. 

Ashe  (1930a)  was  one  of  the  first  to  point  out  how  many  more 
pine  trees  and  logs  of  small  sizes  have  to  be  handled  to  make  a 
given  amount  of  lumber: 

Trees  to  produce  1,000  Logs  to  produce  1 ,000 

Average  d.b.h.  of  board  feet  of  lumber  board  feet  of  lumber 

pine  trees  I  number  J  (number) 
(inches) 

8    30.0  53.0 

10   15.0  44.0 

15   4.5  15.0 

20   1.7  7.5 

25   1.1  4.7 

When  lumber  is  cut  from  10-inch  trees  instead  of  25-inch  trees,  it 
is  necessary  to  handle  13  percent  more  weight,  and  it  takes  twice 
as  lone  I  table  19). 
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SMALL  SAWMILL 
MEDIUM  SAWMILL 
LARGE  SAWMILL 
MINE   PRODUCT  MILL 


LOG  SIZE  CLASS 
(INCHES  D.I.B.) 
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Figure  98. — Distribution  of  pine  logs  by  size  classes  at  Alabama  mills  (Osbom 
1952). 

Table  49. — Conversion  ratios  of  logs  to  boards  from  trees  of  different  sizes 
(Ashe  1930a) 


Log  d.i.b. 

(inches) 

5  

8  

10  

12  

14  

16  

18  

20  

25  


Board  feet  per  cubic 
foot 


Portion  of  volume 
not  used  for  lumber 


Weight  of  wood  with 
bark  to  produce  each 
board  foot 


Bd.  ft. 

3.5 
5.2 
6.0 
6.5 
6.9 
7.1 
7.3 
7.4 
7.5 


Percent 

71 

54 

48 

44 

41 

40 

39 
,  38 

37 


Pounds 
16.0 
11.0 
9.6 
8.9 
8.3 
8.0 
7.7 
7.5 
7.4 


Most  mills  accept  many  logs  that  are  too  small  for  economical 
operation.  The  prevailing  width  of  boards  cnt  from  pines  of  dif- 
ferent sizes  on  the  Piedmont  Plateau  averages  a  little  more  than 
half  the  d.b.h.  class  (McClay  1953a)  (table  50).  An  analysis  of 
log  intake  at  17  representative  mills  in  Arkansas  (Carpenter  1950) 
showed  that  less  than  30  percent  had  scaling  diameters  of  more  than 
12  inches.  The  size  of  log  most  frequently  sawed  varies  between  8 
and  11  inches  depending  on  the  type  of  mill  (table  51).  Had  po- 
tential values  in  these  trees  been  distinguished,  the  poor  ones  should 
have  been  cut  for  minor  uses.  Then  the  milling  of  the  better  trees 
could  have  been  deferred  until  they  became  more  profitable  to  saw. 

A  common  procedure  in  handling  old-field  pine  in  the  Southeast 
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Table  50. — Proportion  of  board  widths  of  rough  green  lumber  sawed  from 
pine  logs  by  circular  mills  (McClay  1953a) 


Board  width 


Log  d.i.b.   

(inches)  J,,  in.  6  in.  8  in.  10  in.  12  in. 


Percent  Percent  Percent  Percent  Percent 

6   100 

7   90  10 

8   43  57 

9   31  69 

10    25  64  11 

11   15  41  44 

12   11  24  65 

13                                  7  22  63  8 

14                                   4  17  35  42  9 

15                                 3  14  22  53  8 

16                                   3  11  17  44  25 

\l 2  7  15  21  55 

18                                   2  7  13  16  62 

™                                   2  5  11  14  67 

2? }  £  9  15  70 

21                                   1  5  8  14  72 

22                                   1  5  9  14  71 


is  to  manufacture  it  into  " roofers."  These  are  1x4-  to  lxl2-inch 
air-dried  log-run  boards,  including  any  and  all  grades  of  material 
in  the  proportions  found.  Grading  a  sample  of  this  material  in 
South  Carolina  indicated  that  85  to  95  percent  of  it  was  of  the 
quality  of  Xo.  2  common  lumber.  Pine  logs  are  rarely  quartersawn, 
but  better  material,  suitable  for  edge-grain  flooring  or  deck  planks, 
can  be  readily  made  in  this  manner  from  the  larger  logs. 

Utilization  is  far  from  complete.  In  harvesting  pines  for  saw- 
timber  the  use  of  tops  for  pulpwood  in  most  operations  is  advanta- 
geous, but  only  14  percent  were  so  used  in  one  Piedmont  area  in 
South  Carolina  and  54  percent  of  the  slabs  and  edging  were  not 
used  for  any  purpose.  The  46  percent  that  the  mill  men  could  dis- 
pose of  found  only  low-grade  use  as  follows:  27  percent  sold  as 
fuel.  14  percent  used  at  home,  and  5  percent  given  away  (Haines 
1953b).  Investigations  are  under  way  to  find  better  uses  for  this 
raw  wood.  Xew  equipment  is  being  developed  to  remove  bark  from 
cull  logs,  grind  them  into  chips,  and  load  the  chips  for  transport  to 
pulpmills.  Chips  constituted  9  percent  of  the  pine  delivered  to 
pulpmills  in  1957.  Efficient  slab  barkers  are  available  and  some  are 
in  operation:  the  chief  deterrent  to  this  development  is  the  cost  of 
concentrating  slabs  from  scattered  mills.  If  these  machines  can  be 
made  portable  and  effective  without  excessive  costs,  much  waste 
material  will  be  made  available  to  them  and  the  drain  on  natural 
resources  will  be  reduced. 
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Pulp  wood 

Pulpwood,  a  wood  product  of  secondary  unit  value,  is  rapidly 
achieving  major  importance  in  the  economy  of  the  South.  A  con- 
tinuing harvest  of  pulpwood  can  promote  silviculture  not  merely  by 
reducing  waste,  but  by  utilizing  countless  trees  that  impede  the 
growth  of  more  valuable  products. 

About  half  a  cord  of  pulpwood  can  be  cut  from  the  tops  of  saw- 
log  trees  and  another  half  cord  from  undesirable  small  trees  removed 
in  a  typical  selection  cutting  for  saw  logs.  The  forest  benefits  from 
thinning  and  through  the  release  of  seedlings  formerly  suppressed 
or  pinned  down  by  fallen  tops.  Fire  hazard  is  reduced  with  debris 
from  tops  left  closer  to  the  ground  where  it  decays  more  rapidly. 
Pulpwood  from  sawtimber  is  taken  from  tops  of  trees  12  to  26 
inches  in  diameter.  It  is  found  largely  above  the  second  log  in 
small  trees  or  the  third  log  in  large  trees  (fig.  99 ).  Despite  the 
volume  waste  in  the  tops  of  large  trees,  the  wood  requires  too  much 
chopping  and  splitting  to  yield  as  much  pulpwood  as  the  small  trees. 
The  best  division  of  products  as  between  these  two  uses  can  ad- 
vantageously be  shifted  occasionally  in  accordance  with  local  market 
conditions.  In  1956  the  degree  of  topwood  utilization  for  pulpwood 
at  Crossett.  Ark.,  was  approximately  as  follows : 


Average  minimum 
top  diameter  for         Merchantable  pulp- 

  wood  cut  from  tops 

D.b.h.  Logs  Pulpwood 

(inches)            (inches)      (inches)  (cubic  feet) 

12                                9              5  2 

14                               9             5  3 

16                              10             6  4 

18                              10             6  5 

20                              11             7  6 

22                              11             8  6 

24                              12             9  7 

26                              12            11  8 

28                              13            12  8 


For  small  trees  the  economic  '"'conversion  surplus' :  in  a  saw  log  is 
absent  or  so  low  that  it  may  be  the  more  profitable  to  utilize  the 
whole  tree  for  pulpwood.137 

Below  12  inches  most  of  the  pines  harvested  should  be  used  en- 
tirely for  pulpwood  or  products  other  than  saw  logs.  Here,  also, 
the  size  of  tree  has  a  marked  effect  on  extraction  costs.  For  example, 
McClay  (1953c)  has  shown  that  a  cord  of  wood  produced  from  5- 
inch  trees  may  take  nearly  2%  times  as  much  labor  as  a  cord  from 

137  Two  men  with  a  bow  saw  can  make  1  to  l1^  cords  of  pulpwood  per  8- 
hour  man-day  from  tops  of  felled  trees.  When  thinning  timber  stands  they 
can  produce  l1?  to  2  cords  per  man-day  (Brender  1947). 
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Table  51  —Proportions  of  green  lumber  produced  by  different  classes  of 
mills1 


Class  of  mitt 


Log  diatneters  finches) 


11  H  17  20  23 


Percent   Percent   Percent   Percent   Percent   Percent  Percent 
Band  headsaw  with  resaw     1.2        13.8       35.1       32.1       13.2        4.2  0.4 
Solid-tooth  circular  head- 
saw  with  resaw  and  a 

shotgun  carriage  feed     2.7        33.9       41.5       17.0        4.0  .6  .3 

Solid-tooth  circular  head- 
saw  with  steam  feed 

(small  gun) ;  no  resaw     8.1        43.7       33.6       11.0        2.5        1.0  .1 
Portable  mill  with  cir- 
cular headsaw  using 

inserted  bits; no  resaw    2.9       32.6       42.3       16.0        5.3         .8  1 


Study  made  in  1948  (Carpenter  1950). 
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Figure  99.— The  volume  of  merchantable  wood  from  loblolly  pines  of  different 
sizes  varies  with  the  diameter  and  height  of  the  uppermost  cut.  Top  utili- 
zation limits  as  of  1956  in  southern  Arkansas  were  as  indicated  (S)  for 
saw  logs  and  (P)  for  pulp  wood. 

10-ineh  trees  (table  52).  The  reason  for  such  a  difference  is  re- 
flected also  by  the  man-hour  requirements  to  get  the  trees  down  and 
cut  into  bolts  (table  53).  The  figures  represent  only  60  percent  of 
felling,  limbing,  and  bucking  time.   The  other  40  percent,  independ- 
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Table  52. — Relative  production  time  per  cord  for  cutting  pine  pulpwood,  by 
tree  size  (McClay  1955) 

(In  percent  of  time  required  for  10-inch  7 -bolt  tree) 


X umber  of  5\-ioot  bolts 

D.b.h.  —  

(inches)  123456789 


Percent  Percent  Percent  Percent  Percent  Percent  Percent  Percen  t  Percent 

5   261       240  220 

6   197      186  177 

7    156      151       145  139 

8  130      126      123  120 

9  112       112  110  107 

10  98      100  100  100 

11  90  93  93  93 
19  81  84        86  87 


Table  53. — Man-hours  required  per  cord  to  fell.  limb,  and  buck  pine  pulp- 
wood,  by  tree  size1  (McClay  1955c) 


D.b.h. 

'inches)  Felling  Limbing  and  bucking  Total 


Man-hours  Man-hours  Man-hours 

5    0.65  0.93  1.58 

6   .44  .  78  1.22 

7    .33  .67  1.00 

8    .28  .  57  .  85 

9  .24  .52  .76 
10'".V.                              .22                          .  47  .  69 

11    .20  .41  .64 

12  .19  .41  .60 


1  To  conven  net  man-hours  per  cord  to  total,  including  delay  time,  it  is  necessary  only  to  divide  these  figures  by  0. 60. 
The  above  rates  leased  on  work  with  a  3  hp.  chain  saw  with  bow  attachment^  may  have  value  for  comparison  purposes, 
but  should  not  be  used  directly  unless  they  are  being  applied  to  a  similar  operation. 

ent  of  tree  size,  is  for  walking,  swamping,  hang-ups.  and  other  normal 
delays. 

These  estimates  may  need  some  modification  for  changes  in  meth- 
ods and  crew  efficiency,  but  as  expressed  in  percentage  or  man-hours 
they  will  not  change  as  rapidly  as  the  dollar  values.  Reynolds 
(1951b),  reporting  on  the  production  costs  in  Arkansas  for  the  pre- 
vious 10  years,  found  felling  and  bucking  costs  up  19S  percent,  while 
the  L-ost  of  bunching,  loading,  unloading,  and  delay  had  risen  269  per- 
cent, and  that  for  hauling  227  percent.  The  total  cost  of  delivered 
wood  went  up  223  perecnt  in  10  years. 

Costs  require  separate  determination  by  the  job  because  of  the 
effect  of  working  methods  on  efficiency.  For  example,  the  use  of 
power  saws  may  reduce  working  time  per  unit  of  cross  section  cut 
three  to  six  fold  in  sawtimber  ( Sundberg  1953  .  yet  with  decreasing 
average  diameters  as  in  harvesting  pulpwood  this  advantage  may 


PROPERTIES  AND  USES  429 

disappear.  Bow  saws  work  well  on  small  trees.  Piece  work  tends 
to  increase  the  weekly  earnings  of  a  crew  and  decrease  costs,  but 
it  also  tends  to  affect  utilization  standards  adversely  (Trousdell 
1947).  Good  supervision  and  inspection,  plus  perhaps  a  penalty 
system,  may  be  needed  to  discourage  utilization  abuses  when  piece 
rates  are  used. 

Space  between  trees  affects  the  efficiency  in  and  profits  from 
felling,  bucking,  and  limbing  pulpwood  in  thinning  plantations  as 
follows  (Muntz  1948a)  : 

Spacing  Sticks  per  Cords  per 

(feet)  cord  man-day  Remarks 

4x4   128  2.6  Too  close 

6x6   105  3.0  Good 

8x  8   92  2.9  Good 

10x10   68  2.6  Too  limby 

Apparently  a  moderate  spacing  distance  of  6  or  8  feet  facilitates 
harvest. 

Tree  size  affects  not  only  the  operation  of  harvesting  pulpwood, 
but  also  the  yield  of  pulp.  This  stems  from  the  deficiency  of  the 
cord  as  a  unit  of  measure.  A  run  of  6-inch  trees  yielding  70  cubic 
feet  of  solid  wood  per  cord  converts  to  kraft  pulp  at  the  rate  of 
about  2  cords  per  ton;  whereas  10-inch  trees  yielding  85  cubic 
feet  of  wood  per  cord  convert  at  the  rate  of  about  1.6  cords  per 
ton  (Duerr  1951). 

Obviously  the  size  of  trees,  logs,  and  bolts  handled,  and  their 
concentration  on  cutting  areas  influence  the  cost  of  logging.  In  a 
recent  study  of  cutting  pulpwood  with  one-man  chain  saws  (G-utten- 
berg  and  Perry  1957)  the  time  requirements  per  cord  harvested 
under  partial  cutting  was  usually  less  than  one  man-hour. 

As  yet,  there  is  no  commercial  grading  of  pine  pulpwood.  It  has 
been  suggested  (Bethel  1940)  that  such  grades  should  recognize  these 
three  items:  (1)  Density,  the  percentage  of  summerwood;  (2)  age, 
the  relation  of  short-fibered  core  to  older  wood;  and  (3)  defect,  de- 
cay, knots,  and  compression  wood. 

Poles  and  piles 

Trees  that  can  qualify  are  usually  worth  most  for  piles  or  poles, 
next  most  for  saw  logs,  less  for  ties,  and  least  for  pulpwood.  The 
wood  of  loblolly  pine,  like  other  southern  pines  and  unlike  some  of 
its  competitors,  is  suited  for  poles  and  piles  because  it  has  a  much 
higher  percentage  of  sapwood  that  is  easily  penetrated  by  preserva- 
tives. A  smaller  proportion  of  loblolly  pine  timber,  however,  con- 
sists of  trees  sufficiently  straight  boled  for  these  uses.    In  1955 
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southern  pine  was  used  in  86  percent  of  all  treated  poles  and  71 
percent  of  all  the  treated  piles  in  the  United  States.  Piles  costing- 
less  than  steel  and  concrete  substitutes,  continue  in  demand  for 
wharfs  and  piers,  and  as  foundation  piles  in  marsh  lands  or  as 
footing  for  large  buildings. 

The  demand  for  poles  is  expected  to  increase  because  of  the  ex- 
tension of  rural  telephone  lines,  power  lines  for  new  residence  areas, 
and  lighting  for  express  highways.  With  a  growing  demand  and 
a  declining  supply  stumpage  returns  from  large  poles  and  piles 
should  continue  to  increase. 

Dealers  usually  sell  poles  for  an  agreed  price  f.o.b.  railroad  car 
and  allow  the  landowner  about  40  percent  of  that  for  stumpage. 
They  prefer  to  buy  only  such  trees  as  will  produce  items  on  current 
orders,  but  when  competition  is  keen  they  sometimes  buy  whole 
tracts  of  timber  and  resell  the  saw  logs  (Wackerman  1945). 

For  efficient  marketing  of  their  timber,  landowners  need  to  as- 
certain whether  or  not  certain  selected  trees  will  meet  the  specialized 
requirements  for  poles  or  piles  (appendix,  table  68).  The  deviation 
of  a  pole  from  straightness  is  called  sweep.  Slight  curvature  in  one 
plane  is  permitted  if  the  sweep  does  not  exceed  1  inch  for  each  6 
feet  of  length  (fig.  100,  A).  Curvature  in  two  planes  or  two  direc- 
tions is  allowable  if  a  straight  line  does  not  intersect  the  surface  of 
the  pole  at  any  intermediate  point  (fig.  100,  B).  Poles  must  also 
be  free  from  localized  deviations  equal  to  more  than  one-half  the 
mean  diameter  of  the  short  crooked  section  (fig.  100,  C  and  D) .  The 
illustration  shows  typical  but  not  complete  examples  of  shapes  that 
may  disqualify  trees  for  poles.  Strict  stipulations  list  numerous 
other  miscellaneous  defects  and  limit  the  quantity  of  each  that 
will  be  tolerated.  Forest  managers  should  have  copies  of  the  com- 
plete specifications.138  Once  they  have  ascertained  that  certain  trees 
can  pass  inspection  for  poles  or  piling,  and  have  the  prices  quoted 
for  alternative  products,  the  data  in  table  54  may  be  useful  in  esti- 
mating the  highest  value  that  may  be  obtained  from  each  tree.  In 
actual  sales  the  exacting  specifications  of  purchasing  agents  must 
be  used.139 

138  Complete  copies  of  specifications  (ASA  05.1  1948)  are  available  from  the 
American  Standards  Association  Inc.,  70  East  45th  St.,  New  York  17,  N.Y. 

139  However,  an  entirely  new  market  for  treated  poles,  developed  since  1945 
in  some  areas,  utilizes  a  class  of  timber  for  which  formerly  there  was  little 
market  except  as  pulpwood.  Bound  timber  14  to  25  feet  long  to  a  4-  to  6- 
inch  top  may  go  into  pole-frame  construction.  By  setting  their  treated  barn 
poles  in  the  ground,  farmers  not  only  eliminate  high-cost  foundations,  but  they 
reduce  the  need  for  much  structural  bracing,  thus  lowering  both  material  and 
labor  costs.    All  farm  service  buildings  in  some  areas  are  pole-frame  buildings. 
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AXIS  BELOW 
CROOK 


H-5  FEET"*- 

OR  LESS 


DEVIATION 


AXIS  ABOVE 
CROOK 


-*-5  FEET-*- 

OR  LESS 


D 


POLE  OF  CROOK 


Figure  100. — How  to  measure  four  typical  cases  of  curvature  in  poles  to  meet 
specifications  of  the  American  Standards  Association:  A,  Sweep  in  one  plane 
and  one  direction;  B,  sweep  in  two  planes  (i.e.,  "double")  or  in  two  di- 
rections in  one  plane  (i.e.,  ••reverse'-'  ;  C,  short  crook  with  the  two  parts  of 
the  reference  axis  approximately  parallel;  I),  short  crook  with  the  two 
parts  of  the  reference  axis  approximately  coincident. 

Other  uses  of  the  wood 

Utilization  of  loblolly  pine  wood  for  miscellaneous  purposes  con- 
tinues to  change  as  it  is  replaced  by  certain  materials  for  some  prod- 
ucts, but  meanwhile,  fabricated  in  new  forms,  it  is  substituted  for 
certain  materials  in  new  uses. 

Less  loblolly  pine  is  used  for  fuel  than  formerly  although  it  has 
73  percent  of  the  fuel  value  in  white  oak.  and  the  ash  content  is  only 
about  0.25  percent  of  the  dry  weight  (Sterrett  1914'.  Little  demand 
remains  for  either  keg  staves  or  wooden  laths.    Pine  for  mine  tim- 

This  construction  is  good  for  carports,  equipment  shelters,  lumber  *hed*  and 
warehouses   (Osborne  1955). 


432  LOBLOLLY  PIXE 


Table  54. — - Xumbe r  of  sou-  logs.  ties,  or  5-foot  sticks  and  pulpwood  units 
contained  in  trees  meeting  specifications  for  piles  or  poles1 


Pi 

les  or  poles 

Sawt 

mber 

Railroad  ties. 

81  feet  lorig  by  siz 

p  ( inches  J 

Pulpwood 

Minimum 

diameter 

A  rerage 

Logs  per 

Volume 

stick 

l\-cord 

Butt 

Top 

Length 

per  tree 

per  tree 

7x9 

6x8 

6x7  aiameter 

Sticks 

units 

Inches 

Inches 

Feet 

X  umber 

Bd.ft. 

Number  A 

umber 

Number 

Number  Inches 

Number 

Number 

m 

g 

30 

2 

105 

1 

0 

1 

1  10.25 

6 

0.15 

m 

7 

30 

2 

80 

0 

o 

I 

1  8.875 

6 

.115 

12J 

8 

35 

105 

1 

o 

1  10.0 

.  167 

13 

8£ 

35 

2 

105 

1 

1 

o 

1  10.5 

7 

.184 

13 

g 

40 

2? 

145 

1 

1 

1 

1  10.5 

8 

.2078 

14* 

8r 

45 

200 

2 

1 

1 

1  11.375 

g 

.2717 

13| 

50 

3 

160 

2 

0 

1 

1  10.25 

10 

.2484 

15 

8i 

50 

3 

200 

2 

1 

1 

1  11.625 

10 

.3137 

13| 

55 

3f 

180 

1 

0 

1  10.25 

11 

.2733 

15f 

8| 

55 

3| 

260 

3 

1 

0 

1  11.875 

11 

.3591 

14 

6 

60 

3| 

210 

2 

1 

0 

1  10.0 

12 

.2857 

16 

8? 

60 

4 

335 

3 

1 

1 

1  12.125 

12 

.4138 

14 

6 

65 

4 

220 

2 

1 

1 

1  10.0 

13 

.3095 

16§ 

65 

335 

4 

2 

0 

1  12.375 

13 

.4643 

14 

6 

70 

4 

220 

2 

1 

1 

1  10.0 

14 

.3333 

17 

8J 

70 

41 

420 

4 

2 

0 

1  12.625 

14 

.5148 

17i 

8s 

75 

4J 

420 

4 

0 

1  12.75 

15 

.5746 

1  Logs  counted  to  nearest  one-half  standard  log  and  scaled  to  the  nearest  inch  of  diameter  by  the  International 
J-inch  log  rule.  The  unit  of  pulpwood  used  is  a  stack  4x5x8  feet.  From  a  brochure  by  M.  E.  Henegar  entitled  "Gum 
naval  stores  timber  land  use;  information  and  suggestions."  34  pp.  Brunswick.  Ga. 


bers  is  likewise  declining  rapidly.  Less  than  a  million  cubic  feet 
were  used  for  props  in  1956.  They  are  being  replaced  by  concrete 
and  steel.140  The  use  of  southern  pine  for  treated  railroad  cross- 
ties  dropped  from  12  million  in  1946  to  343  thousand  in  1956.  The 
former  laborious  and  wasteful  practice  of  hewing  pine  ties  by  hand 
is  disappearing  in  the  face  of  high  wages  and  an  active  demand  for 
pine  for  other  uses.  Sometimes  new  uses  prolong  the  manufacture 
of  an  old  product.  Pine  blocks,  set  with  the  end  grain  as  a  wearing 
surface,  were  formerly  used  for  street  paving.  Xow  they  serve  as 
industrial  flooring,  utilizing  the  equivalent  of  33  million  board  feet 
in  1954  (Osborne  1955). 

Loblolly  pine  continues  to  supply  shipping  containers  for  a  host 
of  commodities.  A  decline  in  the  use  of  its  wood  for  box  shooks  and 
slack  cooperage  is  offset  by  an  increase  in  use  of  its  pulp  for  wrap- 
ping paper  and  corrugated  boxes.    Although  pine  veneer  for  ply- 

140  Without  the  approval  of  certain  oldtime  miners  interested  in  safety. 
They  prefer  pine  props  because,  when  about  to  give  way  under  terrific  strain 
from  shifting  tons  of  earth  above  a  gallery,  a  wooden  prop  emits  loud  crackling 
and  splintering  noises  sufficiently  ahead  of  final  rupture  to  allow  them  to  escape. 
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wood  does  not  compete  with  Douglas-fir  panels,  veneer  continues 
in  use  for  fruit  box  material,  baskets,  and  crates.  In  fact  the  suc- 
cessful manufacture  of  container  veneer  from  small  plantation- 
grown  loblolly  pine  logs  has  been  reported  from  Australia  ^  Alexander 
and  Watson  1947). 

Expanding  new  uses  for  loblolly  pine  are  appearing:.  As  a  re- 
sult of  recent  research  and  industrial  developments  we  now  have 
laminated  arches,  various  types  of  fiberboards.  and  resin-bonded 
particle  boards.  Unlike  plywood,  laminated  wood  is  made  by  bond- 
ing veneer  or  lumber  so  that  the  grain  of  all  layers  is  parellel.  Made 
with  improved  modern  glue,  laminated  beams  are  used  as  bridge 
stringers  and  as  rafters  for  buildings.  The  newest  use  is  for  large 
arches  in  assembly  halls,  factories,  gymnasium-,  schools,  and  hangars, 
and  for  bridges  where  wide  spans  are  desired.  Arches  are  now  made 
from  southern  pine  in  Wisconsin.  Kentucky.  Arkansas,  and  T^xas. 
They  lend  themselves  to  the  V-type  arch  popular  in  church  archi- 
tecture and  to  the  exacting  shapes  and  strength  requirements  of 
many  ship  timbers  Freas  1953  .  This  development  promises  a 
major  new  use  for  loblolly  pine  timber. 

Residue  and  waste 

Although  a  million  or  more  cords  of  pine  top  wood  is  now  used 
annually  for  pulp  in  the  Southeast,  there  remains  about  7  million 
cords  of  potentially  salvagable  residue  from  logging  operations.  The 
economics  of  this  situation  were  reported  by  Todd  1953  and  1955' 
after  a  study  in  the  Piedmont  region.  The  waste  involved  in  top 
wood  is  diminishing  steadily  as  new  techniques  are  developed. 

Likewise  the  large  volume  of  commercially  useless  mill  refuse  is 
continually  being  reduced.  Where  pulp  is  in  demand  it  is  no  longer 
economical  everywhere  to  burn  slabs  and  edgings  from  sawmills. 
Barking  and  chipping  of  pine  logs  is  rapidly  becoming  standard 
practice  at  many  large  and  some  small  mills.  Futhermore  several 
mills  are  also  processing  some  of  their  low-grade  lumber  into  pulp- 
wood  chips.  Of  all  the  potentially  usable  industrial  refuse  from 
southern  pine  wood  'much  of  it  loblolly  pine  a  third  to  a  half  re- 
mains unused  by  the  lumber  and  certain  other  industries  table  55  \ 
This  waste  is  now  being  steadily  reduced  as  new  methods  of  handling 
it  economically  are  developed. 

A  thousand  board  feet  of  dressed  lumber,  containing  61  cubic 
feet  of  wood,  represents  a  loss  of  139  cubic  feet  or  about  70  percent 
of  the  raw  material.  Of  the  volume  lost  20  percent  is  left  in  the 
woods  in  tops  and  broken  trees.  60  percent  goes  into  slabs,  edgings. 
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Table  55. — South  wide  estimates  of  residues  in  the  logging  and  manufacture 
of  pine  timber  and  the  degree  of  current  use  being  made  of  coarse1 
manufacturing  residues 

Coarse  residues  from — 

Industry  Unused  portion  of  Total  coarse  and  fine 

coarse  manufacturing  manufacturing 
Logging     Manufacture  residue  residues 

Thousa?id  Thousand 

cubic  feet  cubic  feet  Percent  Thousand  cubic  feet 

Pulp                     17,640  30,280  0  74  110 

Veneer                   59,983  38,309  9  73,473 

Cooperage              28,276  12,495  16  24  899 

Lumber                485,902  574,678  51  1,285,700 

Other                   113,704  8,019  33   16,375 

All   705,505        663,781  45  1,474,557 

1  Includes  slabs,  edgings,  trimmings,  miscuts,  veneer  cores,  cull  pieces,  and  other  material  generally  suitable  for 
pulpwood  chips.  Basis:  Tables  53-55,  appendix,  Timber  Resources  for  America's  Future.  (U.  S.  Dept.  Act.  Forest 
Resource  Rpt.  14,  713  pp.  1958.) 

end  trim,  and  sawdust  at  the  mill  and  the  remaining  20  percent  be- 
comes planer  shavings.  For  each  thousand  board  feet  of  lumber 
produced  there  is  a  half  cord  of  pulpwood-size  rough  wood  left  in 
the  forest;  at  the  mill  are  chippable  slabs  and  edgings  equal  to  0.7 
cord  of  rough  round  pulpwood.  The  volume  of  pine  residues  is 
negatively  related  to  cutting  as  follows: 

Y  equals  46.637  —  2.697X 
where  Y  is  logging  residue  in  cubic  feet  per  MBM,  and  X  is  the 
cut  per  acre  in  thousands  of  board  feet  fTodd  1953).  The  average 
logging  residue  was  31.1  ±  4.7  cubic  feet.  Usable  mill  residues  of 
wood  and  bark  varied  from  0.65  to  0.78  cord.  Where  some  logging 
residue  was  used  (as  on  %  of  the  tracts)  less  than  15  percent  was 
taken.  As  a  rule  the  utilization  of  tops  and  residual  trees  together 
is  more  profitable  than  to  operate  on  residual  trees  alone.  An  excep- 
tion is  where  the  tops  are  dried  hard  or  will  yield  only  one  stick  of 
pulpwood  each.  Todd  concluded  that  the  most  promising  single  solu- 
tion to  the  whole  problem  would  be  establishment  of  conveniently 
located  concentration  yards  equipped  with  debarking,  chipping,  and 
chip  loading  machinery. 

Similar  studies  in  Texas  (King,  W.  W.,  1953b)  indicate  that  solid 
pine  residues  vary  inversely  as  log  diameter  at  all  types  of  mills. 
Mill  equipment,  however,  may  have  a  secondary  effect  on  waste.  Mills 
in  the  second  class  listed  in  table  56  produced  less  residue  during  a 
study  in  Louisiana  and  Arkansas  (Carpenter  1950  and  1951)  than 
any  of  the  other  mills. 
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By  1957  some  250  mills,  and  11  slab  concentration  yards,  were 
converting  waste  wood  to  chips  at  an  annual  rate  of  more  than  1.4 
million  cords,  or  over  7  percent  of  the  current  supply  of  wood  re- 
quired by  the  southern  pulping  industry.  Prospective  increases  in 
chip  tonnage  are  to  be  expected  from  increases  in  average  size  and 
stability  of  sawmills,  and  from  further  development  of  portable 
machines. 


JL -ArJ.L.Jt,   -JU.  L  l'ippG.016  WCISTC 

per  thousand  hoard-feet  lumb 

er  tally1 

Class  of  mill 

Log  diameters  (inches J 

6 

8 

ii  14 

17 

20 

23  26 

Band  headsaw  with  resaw  

Cords 
0 . 76 

Cords 
0.62 

Cords  Cords 
0.47  0.36 

Cords 
0.31 

Cords 
0.33 

Cords  Cords 
0.34  .... 

Solid-tooth  circular  headsaw  with 

resaw  and  a  shotgun  carriage 

feed  

.81 

.54 

.43  .35 

.28 

.24 

.19  .14 

Solid-Tooth  circular  headsaw  with 

steam  feed  (small  gun) :  no 

resaw  

.90 

.46  .33 

.29 

.27 

.26  .... 

Portable  mill  with  circular  head- 

saw  using  inserted  bits;  no 

resaw  

.69 

.82 

.57  .40 

.24 

.27 

.25  .... 

1  Study  made  in  1948  (Carpenter  1950). 
Louisiana. 

There  were  four  sample  mills  in  each 

class,  two  in  Arkansas  and  two  in 

Wood  derivatives 

Miscellaneous  organic  substances  of  present  or  potential  indus- 
trial value — such  as  cellulose,  naval  stores.,  fats,  sugars,  tannin,  and 
lignin — are  obtainable  from  the  wood  or  bark  of  loblolly  pine.  Fats,, 
resins,  and  waxes  are  highly  concentrated  in  the  ray  cells.  In  sec- 
ond-growth southern  pine,  which  is  largely  sapwood.  there  is  a 
comparatively  small  amount  (2  to  4  percent)  of  these  substances 
(Bray  1942a.)  TVithout  improved  method  of  recovery  this  quantity 
is  insufficient  to  attempt  extraction  from  the  wood  previous  to  pulp- 
ing. Naval  stores  can  be  derived  as  a  byproduct  of  the  kraft  pulp- 
mills.  Sulphate  wood  turpentine  is  recovered  by  condensing  the 
vapors  released  from  the  pulping  digesters.  In  this  process,  soapy 
curds,  consisting  of  mixed  resin  and  fatty  acids,  float  on  the  spent 
cooking  liquor  called  black  liquor.  This  is  treated  to  recover  tall 
oil  or  liquid  rosin. 

Sawmill  residues  contain  50  to  70  percent  carbohydrate  in  the 
form  of  cellulose  and  hemicellulose  convertible  by  acid  hydrolysis 
to  sugar  solutions  suitable  for  animal  feed.  Hydrolysis  occurs  when 
sawdust,  shavings,  or  wood  chips  are  treated  with  dilute  acids  at 
elevated  temperatures.  Equipment  capable  of  withstanding  high 
steam  pressure  is  needed.    Successful  tests  of  this  process  have  been 
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made  with  various  forms  of  waste  wood  such  as  cull  trees  and  the 
waste  from  logging"  and  milling  including  residues  from  which  re- 
sin has  been  extracted.  Mannan  is  a  hexosan  that  yields  mannose  on 
hydrolysis.  Mannan,  a  substance  of  industrial  importance  in  the 
production  of  ethyl  alcohol  from  sulphite  liquor  and  by  the  hy- 
drolysis of  sawdust  with  catalyzers  (Schorger  1917),  is  present  in 
loblolly  pine  wood  to  the  extent  of  about  5  percent.  The  yield  of 
molasses  depends  on  the  amount  of  cellulose  in  the  wood.  About  a 
ton  of  50  percent  sugar  molasses  is  obtained  from  a  ton  of  dry  wood, 
or  150  to  190  gallons  from  a  cord  of  wood  (Harris  1950). 

Sugars  from  pine  wood  are  about  80  percent  glucose,  3  to  6  per- 
cent other  hexoses,  and  10  to  15  percent  pentoses.  For  nonruminant 
animals  (that  cannot  use  5-carbon  sugars)  the  sugar  from  softwood 
is  more  suitable  than  that  from  hardwood. 

The  wood  molasses  should  be  equivalent  to  blackstrap  in  feed 
value.  Cattle  eat  it  best  when  it  is  fed  with  roughage,  such  as  cotton- 
seed hulls,  at  the  rate  of  2  gallons  to  40  pounds  of  mixed  hulls  and 
meal.  In  extensive  tests  most  livestock  and  poultry  have  made 
normal  gains  in  weight  in  feed  tests  at  various  state  agricultural 
experiment  stations. 

Ether  extractives  (oil  basis)  from  18-year-old  loblolly  pine  wood 
are  as  follows  (Max  1945)  : 

Percent 

Unsaponifiable   1 5 . 80 

Rosin  acids   37 . 20 

Fatty  acids:   43.60 

Saturated   2 . 28 

Unsaturated   41.32 

Hannus  iodine  number   113.5 

Pine  bark  is  available  in  considerable  quantity  for  any  use  that 
may  be  developed  for  it.  The  volume  of  loblolly  pine  bark  is  re- 
lated to  unpeeled  pulpwood  from  trees  of  different  sizes  as  follows: 

D.b.h.  Bark 

(inches)  (percent) 

6   19.4 

8   17.5 

10   16.0 

12   14.5 

14   14.0 

Average  bark  volume  is  roughly  15  percent  (Demmon  1936a).  Be- 
cause of  more  handling,  the  logs  received  at  large  band  mills  retain 
somewhat  less  bark  than  those  at  small  circular-saw  mills.141 

141  At  small  mills  the  proportion  of  pine  bark  by  weight  decreases  with 
increased  diameter  of  log  as  follows: 

Bark  percentage  equals  12.4  —  0.013D2  (King  1953b)  and  varies  from  8  to 
11  percent. 
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As  yet  no  commercial  use  has  been  found  for  bark  of  southern 
pine  except  as  fuel.  It  is  equal  to  or  slightly  higher  in  heat  value 
than  wood.  This  is  attributed  to  its  high  percentage  of  lignin, 
which  contains  62  to  65  percent  carbon  as  compared  with  44.5  per- 
cent carbon  in  cellulose  material.  Loblolly  pine  bark  will  burn 
readily  when  its  moisture  content  is  less  than  65  percent.  The  heat 
liberated  in  burning  oven-dry  bark  is  8.500  to  9.000  B.t.u.  per 
pound  (Segall  and  Purves  1946). 

In  contrast  to  wood,  the  bark  has  less  cellulose  and  its  lignin  is 
lower  in  methoxyl  and  hydroxyl.  Exposure  and  saprophytic  growth 
may  modify  the  composition  of  outer  bark.  The  ash  and  nitrogen 
contents  are  higher  than  for  wood.  Millions  of  tons  of  bark  are 
destroyed  or  wasted  annually. 

Extractives  from  bark  have  been  subjected  to  elementary  chem- 
ical analysis  and  a  few  qualitative  tests  only.  For  detailed  chemical 
study  initial  extraction  will  have  to  be  made  on  a  pilot-plant  scale. 
The  possibility  of  making  commercial  use  of  the  tannin  content  of 
pine  bark  was  investigated  for  the  T.Y.A.  fSnow  1949 ).  The  tannin 
content  on  an  oven-dry  weight  basis  averaged  4.5  percent.  The 
effect  of  aging  up  to  8  weeks  on  tannin  content  of  peeled  pine  bark 
was  negligible.  Because  of  the  small  quantity  of  any  individual 
chemical  that  could  be  extracted,  it  is  not  to  be  expected  that  the 
recovery  of  any  one  valuable  substance  will  be  economic.  Xor  are 
the  residues  from  such  extraction  likely  to  become  an  economic  source 
of  high-grade  pulp.  Their  use  as  a  soil  amendment  has  been  sug- 
gested. Perhaps  some  mechanical  use  for  bark  fiber  can  be  found, 
but  its  chemical  utilization  appears  destined  for  delay  until  new 
chemical  techniques  are  devised  for  studying  it. 

Foliage 

Two  uses  for  the  leaves  should  be  mentioned:  (1)  potential  use 
of  extractives  from  green  needles,  and  (2)  agricultural  use  of  dry 
needles  as  mulch. 

The  so-called  "essential  oils"  are  volatile  oils  produced  by  steam 
distillation  of  coniferous  foliage.  In  the  United  States  they  are 
taken  from  spruce,  fir.  hemlock,  and  arborvitae  which  yield  0.4  to 
0.6  percent  oil.  They  are  scenting  agents  in  soap,  grease,  liniments, 
inhalants,  insecticides,  polishes,  and  cosmetics. 

Made  from  loblolly  pine  the  yield  is  lower — optimum  0.35  and 
average  0.30  percent.  The  specific  gravity  at  15 °C.  is  0.871  and 
refractive  index  at  20°C.  is  1.4742.  The  major  expense  is  for  col- 
lection and  transport  of  raw  material,  estimated  at  60  to  75  percent 


438 


LOBLOLLY  PINE 


of  production  cost,  Portable  stills  would  be  advantageous.  Distilla- 
tion should  be  in  winter,  as  then  the  needles  can  be  gathered  from 
dominant  trees  felled  several  weeks  in  advance  without  excessive 
evaporation  losses  that  reduce  the  yield. 

Strawberry  farmers  use  pine  needles  as  a  mulch  to  protect  the 
berries  from  grit,  the  roots  from  cold,  and  the  soil  from  drying. 
They  prefer  the  ''straw"  (needles)  of  loblolly  pine  because  it  is 
long,  lies  flat  on  the  ground,  and  decomposes  less  rapidly  than  grass 
hay.  About  2  acres  of  pine  woodland  yields  enough  strawfall  an- 
nually to  mulch  an  acre  of  strawberries  (Spillers  1935).  Pine  straw 
is  baled  in  Georgia  for  use  at  commercial  nurseries  for  an  acid  mulch 
around  azaleas  and  other  plants  that  are  favored  by  an  acid  re- 
action. It  is  also  used  for  mulching  pine  seedbeds.  Because  it 
does  not  have  to  be  chopped  up  before  use  the  straw  of  loblolly  is 
preferred  to  that  of  slash  or  longleaf  pine  in  forest  nurseries. 

CHARACTER  OF  THE  WOOD 

The  wood  of  loblolly  pine  resembles  that  of  the  other  southern 
pines.  The  resin  ducts,  scattered  throughout  the  annual  rings,  are 
readily  visible  to  the  naked  eye  as  small  dots.  The  wood  rays  also 
are  fine,  except  those  which  enclose  horizontal  resin  ducts. 

Species  identity 

Structural  similarity  prevents  definite  identification  of  several 
species  of  yellow  pine  on  the  basis  of  the  wood  alone.  There  is 
some  indication,  however,  that  chemical  reagents  may  be  helpful  in 
separating  the  species.  For  example,  methanol  containing  a  small 
amount  of  hydrochloric  acid  gives  a  purple  coloration  after  a  short- 
time  contact  with  the  sapwood  of  shortleaf  pine,  whereas  it  does  not 
with  the  sapwood  of  loblolly  pine  (Isenberg  and  Buchanan  1945). 
More  research  is  needed  as  the  nature  of  the  reaction  is  unknown 
and  heartwoods  were  not  tested.  However,  it  is  reported  that  the 
four  principal  southern  pines  can  be  distinguished  by  absorption 
spectraphotometric  determination  in  the  ultra  violet  region  (Sakorn- 
but  1951)  with  a  high  degree  of  accuracy  from  samples  of  the  heart- 
wood. 

Variation  in  percentages  of  mineral  constituents  of  wood  cannot 
be  relied  upon  as  distinguishing  features  because  such  differences 
are  by  far  more  attributable  to  the  nature  of  habitats  in  which  the 
trees  grow  than  to  species  variations.  The  very  difficulty  of  dis- 
tinguishing the  species  of  southern  pines  by  the  wood  alone,  sug- 
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gests  that  a  knowledge  of  variability  of  the  wood  within  species  may 
be  of  greater  practical  significance. 

Variation  in  loblolly  pine  wood 

Loblolly  pine  varies  widely  in  many  properties  (intrinsic  or  arti- 
ficially induced'  that  affect  its  utilization.  The  commonly  recog- 
nized variations  include  wood  that  is  (1)  strong  or  weak.  (2)  heart 
or  sap.  (3)  old  or  young,  (4)  springwood  or  summerwood.  (5)  nar- 
row or  wide  ringed,  (6)  light  or  heavy,  normal  or  compression 
wood.  (8)  green  or  seasoned.  (9)  clear  or  knotty.  (10)  sound  or 
defective.  (11)  untreated  or  preserved.  (12)  natural  or  modified, 
and  '13  high  or  low  grade.  In  structural  use  it  is  obvious  that 
strength  is  important.  With  the  possible  exception  of  heart  or  sap 
the  other  variations  all  have  an  apparent  or  real  bearing  on  strength 
or  other  structural  values. 

Hea  rt  wood 

Heartwood  in  loblolly  pine  may  begin  to  form  any  time  between 
15  and  25  years  of  age.  but  in  trees  less  than  20  years  old  it  comprises 
less  than  2  percent.  In  average  second-growth  stands  the  sapwood 
band  normally  varies  from  3  to  5  inches  in  width,  being  wider  in 
trees  of  rapid  growth.  The  proportion  of  heartwood  to  merchant- 
able volume  varies  directly  with  age  and  inversely  with  the  rate 
of  growth  OlacKinney  and  Chaiken  1935b]  'fig.  101'.  Hence, 
young  trees  on  good  sites  have  the  least  heartwood.  This  was  ob- 
served by  Paul  (1932a)  who  related  the  presence  of  heartwood  to 
crown  width  as  follows : 

Crown  width  Heartwood       Crown  width  Heartwood 

(feet)  (percent)              (feet)  (percent) 

10    28  20   11 

12   22  22   10 

14   17  26   9 

16  :  14  30    8 

18   12  34   8 

Trees  of  pulpwood  size  with  very  little  heartwood  can  be  readily 
found  in  second-growth  stands  of  any  southern  pine.  For  news- 
print, sapwood  is  preferred,  but  the  relatively  small  amount  and 
light  color  of  the  heartwood  in  typical  second-growth  does  not  ser- 
iously interfere  with  its  suitability  for  this  purpose.  If  it  is  desired 
to  grow  loblolly  pine  with  practically  no  heartwood..  a  rotation  of 
20-30  years  is  suggested,  but  if  5  percent  heart  is  acceptable,  the 
rotation  should  not  exceed  45  years,  or  possibly  50  years  for  open 
stands  on  good  sites. 
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Figure  101. — Heartwood  increases  with  elapsed  time,  hence  its  proportion  in  a 
loblolly  pine  varies  inversely  with  rate  of  diameter  growth  and  directly 
with  age. 

To  distinguish  heartwood  from  sapwood  a  positive  color  reaction 
test  with  chemicals  has  been  developed  (U.  S.  Forest  Products  Lab. 
1948).  To  make  this  test  first  dissolve  5  grams  of  benzidine  in  23  cc. 
of  25  percent  hydrochloric  acid.  Next  prepare  a  10-percent  solution 
of  sodium  nitrate.  Do  not  mix  the  two  until  ready  for  a  test;  then 
mix  in  equal  amounts.    This  mixture  reacts  with  the  wood  in  a  few 
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moments,  the  sapwood  becoming  yellowish  brown  and  the  heartwood 
red. 

Length  and  character  of  wood  cells 

Springwood  fibers  of  loblolly  pine  are  broad  and  thin-walled 
with  blunt  ends.  Pits,  which  may  be  thought  of  as  cell  wall  per- 
forations for  the  passage  of  sap.  are  microscopic  but  plainly  dis- 
cernible on  the  surface.  In  summerwood  the  fibers  may  be  shorter 
than  in  springwood  and  are  thick  walled  with  pointed  ends.  The 
pits,  seldom  seen  near  the  ends,  are  less  pronounced  (Nilsson  1926). 
There  is  a  progressive  decrease  in  the  proportion  of  summerwood 
in  an  annual  ring  from  the  base  to  the  top  of  a  tree.  Four  sample 
trees  that  averaged  44  percent  at  breast  height  showed  these  propor- 
tions at  other  levels  (Young  1952)  : 

Tree  height  Summerwood 

(percent)  (percent) 

0   48 

5°   24 

i   i6 

80   10 

A  sapling  pine  increased  summerwood  percentage  from  pith  toward 
cambium  by  2-year  intervals  as  follows:  11,  12.  25.  50.  and  60. 
These  two  trends  can  explain  the  gradients  in  specific  gravity  typical 
of  loblolly  pine  shown  in  figure  107. 

Fiber  length  increases  from  the  pith  outward  at  least  through 
the  19th  ring  and  from  the  ground  upward  to  a  certain  point,  then 
decreases  (Jackson  1959).  The  fibers  of  maximum  length,  however, 
are  found  progressively  higher  as  a  tree  gets  older.  Their  location 
is  apparently  governed  not  by  the  age  of  the  tree  but  by  its  height 
at  the  time  when  the  ring  in  question  was  formed  f Bethel  1941). 
The  radial  increase  in  tracheid  length  is  most  rapid  in  the  first  10 
years  (Berkley  1934).  This  increase  occurs  at  an  ever-diminishing 
rate  toward  the  bark  f Kramer  1957).  Where  rings  are  over  a  half 
inch  wide,  the  length  may  be  40  to  100  times  the  width  ('Teesdale 
1914). 

Fiber  lengths,  which  vary  individually  from  0.8  to  4.7  mm. 
(Beadle  and  Stevens  1912),  average  from  2.5  to  4.0  mm.,  and  are 
commonly  3  mm.  (Wells  and  Rue  1927:  Grabow  1923).  Beyond  the 
10th  ring  Kramer  (1957)  found  the  fibers  3.5  to  4.5  mm.  long  at 
breast  height.  Bethel  (1940-1941)  studying  the  nature  of  these 
variations  gives  this  formula : 

Fiber  length  in  mm.  equals  2.7743  +  13.6795  h  —15.4573  h2  + 
2.8526  L  where  h  is  height  from  the  ground  as  a  ratio  of  tree  height 
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Figure  102. — Average  fibril  angles  at  various  distances  from  the  pith  in  normal 
sunimerwood  of  loblolly  pines  30  to  35  years  old:  A.  At  intermediate 
height  below  crowns  of  different  sizes;  B,  at  breast  height  below  crowns 
of  different  sizes;  C,  at  breast  height  in  relation  to  age  class  of  rings 
(Pillow,  Terrell,  and  Hiller  1953). 
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Table  57. — Estimated  fibril  angles  above  breast  height  in  normal  summer- 
wood  of  second-growth  loblolly  pine  about  30  years  old  (Pillow,  Terrell 
&  Hiller  1953 ) 


Rings  from  pith 
(  number) 

Width 

of  annual  ring  ( inches ) 

0.0-0.09 

0.10-0.19 

0.20-0.29 

0.30-0.39 

0.40+ 

2-5  

Degrees 

Degrees 

Degrees 

Degn  es 

Degrees 

15.9 

16.0 

16.1 

16.3 

16.4 

6-10  

8.6 

8.8 

9.0 

9.2 

9.4 

11-15  
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and  L  is  the  logarithm  of  annual-ring  numbers  counting  from  the 
pith  out  on  a  cross  section.  In  this  study  the  fibers  of  maximum 
length  were  found  at  44  percent  of  tree  height.  The  zonal  distri- 
bution of  fiber-length  classes  in  relation  to  age  and  height  is  shown 
in  figure  107. 

In  thickness  the  fibers  show  less  variation.  Wood  of  slow  growth 
on  the  average  has  thicker  walled  summerwood  cells  than  that  of 
fast  growth,  but  the  walls  of  springwood  cells  average  about  the 
same  thickness  for  both  types  of  wood.  Neither  springwood  nor 
summerwood  cells  vary  in  width  with  height  in  the  tree  (Pew  and 
Knechtges  1939).  Within  the  same  growth  class,  however,  fiber  thick- 
ness in  both  parts  of  the  ring  varies  considerably  from  tree  to  tree- 
suggesting  possible  genetic  control. 

Fibril  angles 

Fibrils  are  microscopic  components  of  the  cell  walls.  They  vary 
considerably  in  the  angle  formed  by  their  spiral  setting  and  that 
variation  affects  wood  properties.  In  normal  summerwood  cells  the 
angles  range  from  about  5°  to  more  than  25°  depending  on  distance 
from  the  pith  and  vigor  of  the  tree.  The  larger  angles  are  found 
near  the  pith  and  in  large-crowned  trees  at  upper  stem  locations 
(fig.  102,  A)  and  at  breast  height  (fig.  102,  B).  At  any  given  num- 
ber of  rings  from  the  pith  the  angle  increases  slightly  with  width 
of  ring  in  the  upper  stem  (table  57). 

A  general  formula  for  fibrils  at  crown  height  in  10- to  15-year 
saplings  is— angle  equals  3.805  +  36.46X  where  X  is  ring  width  in 
inches.  At  breast  height  the  relation  is  0.21  +  98.45X.  For  trees 
30  to  35  years  old  a  better  estimate  can  be  made  from  figure  102,  C. 
For  a  given  age  the  effect  of  ring  width  is  small.  Closely  spaced, 
narrow-crowned  saplings  have  small  fibril  angles  prior  to  release; 
larger  angles  after  liberation.    Fibril  angles  of  less  than  10°  are 
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associated  with  average  or  greater  strength  properties  and  longi- 
tudinal shrinkage  of  only  0.1  to  0.3  percent.  Pulps  made  from  wood 
with  large  fibril  angles  but  lacking  minute  checking  are  inferior 
in  strength  to  pulps  made  from  wood  with  fibrils  at  small  angles 
(Pillow,  Chidester,  and  Bray  1941).  Excessive  bleaching  is  also  re- 
quired for  pulp  from  wood  with  large  fibril  angles. 

PULPING  PROPERTIES 

Composition  of  wood  and  bark 

Making  paper  from  southern  pine  was  delayed  until  its  pulping 
properties  could  be  compared  with  those  of  northern  woods.  Al- 
though the  early  anxiety  about  an  excess  of  heartwood  volume  was 
quickly  dispelled,  some  concern  over  resin  content  remained.  Re- 
sin content  of  loblolly  pine  is  about  1.8  percent  in  fresh  wood  or  3 
percent  in  dry  wood.  Resin  in  the  sapwood  is  least  at  the  base  of  a 
tree  and  increases  upward  into  the  crown  (Bishop  and  Marckworth 
1933).  It  has  not  become  troublesome  in  second  growth.  In  comparison 
with  spruce  and  true  fir,  no  marked  difference  in  proportion  of  fiber 
length  to  fiber  diameter  was  found,  but  in  southern  pine  the  ratio 
of  length  to  wall  thickness  is  lower  and  the  percentage  of  summer- 
wood  fiber  is  higher  (Nilsson  1926).  However,  no  differences  suffi- 
cient to  block  development  of  a  southern  pulpwood  industry  were 
found. 

Chemical  analysis  differs  somewhat  with  type  of  wood.  Max 
(1945)  analyzed  18-year-old  loblolly  pines  with  5  rings  per  inch  and 
a  specific  gravity  of  0.53.  His  analysis  of  oven-dry  unextracted  wood 
was : 

Substance  Percent 

Pentosans   8 . 83 

Cross  and  be  van  cellulose   59.00 

Lignin   27 . 10 

Uronic  acids   0 . 79 

The  extractives  on  an  oven-dry  unextracted  wood  basis  were: 

Solvent  Percent 

Alcohol-benzene   2 . 76 

Ether   1.83 

Hot  water  (on  alcohol-benzene  extracted  wood)   1 . 24 

Ether  (on  steam  distilled  wood)   1-35 

Alcohol  (on  steam  distilled  and  ether  extracted  wood) .  0.21 

A  separate  analysis  by  common  types  of  wood  is  shown  in  table  58. 
Note  that  the  lignin  content  of  compression  wood  is  slightly  higher 
and  the  cellulose  content  slightly  lower  than  in  normal  wood  (Pillow 
and  Luxford  1937). 
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445 


_  Entire  wood 

Uom- 


Item                      Spring-     Summer-  pression  Fast  Slow 
 u'ood          wood  wood  growth  growth 

„  „  .                                        Percent       Percent  Percent  Percent  Percent 

9fUl^OSe1;', 583          59  1  462  58-2  58.9 

Alpha  cellulose                            43.9         46.4  34.6  43  1  46  5 

^gnm                                       28.8         27.4  35.2  27  2  28' 5 

-Pentosans  in  cellulose                    11.6          10.4  10  0  ~9  1 

Total  pentosans                            17.9          12.6  12.2  13  0  11  9 

Solubility  in — 

Hot  1 -percent  Xa  OH 

solution                             14.0          12.9  12.6  12  7  9  5 

Hot  water                                                2.0  ....  26  1*9 

Alcohol-benzene                         4.2            95  9  7  41  2*8 

Ether                                    3.6           1.5  1.3  3.0  2^0 

(C.ETCurTand1936jPleS  USed  "  ^          "**  estimated  t0  contain  at  least  90  Perce°t  of  the  desired  kind  of  wood 

Table  59.— Analysis  of  springwood  and  summerwood  from  the  sap  and  heart- 
wood  portions  of  a  loblolly  pine  tree 

Loblolly  pine  wood                         SapW°°d  Heartwood 


Spring  Summer  Spring  Summer 


e  .  ,  Percent1  Percent1  Percent1  Percent1 
•Solubility  m — ■ 

Cold  "water   3.28            2.18  7.50  7.64 

Hot  water   3.49             2.97  7.16 

Sodium  hydroxide,  1  percent . .  11.11  11.01  1814 
Constituents: 


16  6.44 
21.19 


Acetic  acid   1.28  1,41  1  00 

Methoxyl   4.05  4.18  6  17 

Pentosans   11.59  n  p  19  77 

Jfffk   28.12  26.78  26  .'78 

Cellulose.....    58.06  61.21  53.44  52^ 

-Pentosans  m  cellulose   8 . 78  8 . 69  1 1  52 


1.11 

6.88 
12.12 
24.18 


Moisture   9  89 


11.20 

3.39  3.13  2.16 


Of  oven-dry  sample. 


A  chemical  distinction  between  the  two  parts  of  a  growth  ring 
is  the  higher  content  of  lignin.  pentosan,,  and  other  extractives  in 
the  springwood.  These  differences  were  revealed  in  an  earlv  (1926) 
proximate  analysis  of  loblolly  pine  wood  reported  by  Ritter  and 
Fleck  (1930).  In  their  work  the  heart  and  sap  portions  were  studied 
separately  (table  59)  :  the  higher  extractive  content  of  the  heart- 
wood  is  manifest. 

Springwood  and  summerwood  fibers 

With  cell  walls  of  eqnal  specific  gravity  (1.5)  springwood  of 
loblolly  pine  is  only  half  as  heavy  as  summerwood  because  it  has 
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Figure  103. — The  relation  of  wood  density,  expressed  as  percentage  of  spring- 
wood,  to  the  strength  of  loblolly  pine  sulphate  plup  (After  Chidester,  G.  H., 
Pulpwood  Annual,  Pulp  and  Paper  1954). 

about  80  percent  air  space  as  against  about  60  percent  in  summer- 
wood.  In  chemical  pulping  the  ratio  between  these  two  types  of 
wood  is  the  most  important  single  factor  (Bray  and  Curran  1937). 
A  variation  of  10  percent  in  springwood  content  may  affect  pulp 
quality  more  than  a  change  to  another  species  of  yellow  pine  (Paul 
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and  Smith  1950).  Mild  forms  of  compression  wood  may  not  be 
detrimental  to  pulp  yield  if  the  proportion  of  summerwood  to  spring- 
wood  remains  low  (Pillow,  Chidester.  and  Bray  1941).  Compres- 
sion wood  fibers  tend  to  break  into  fragments  along  the  planes  of 
the  cheeks  in  the  cell  wall  and  fragmentation  occurs  with  little  or 
no  fibrillation.  Compression  wood  is  undesirable  for  pulping  be- 
cause the  yield  of  pulp  obtained  is  low  and  the  pulp  is  dark  colored 
and  weak,  like  that  from  decayed  wood  (Johansen  1935). 

Yields  of  loblolly  pine  pulp  increase  with  wood  density  which  is 
related  to  the  proportion  of  summerwood  with  its  thick  cell  walls. 
More  beating  is  required  to  attain  maximum  strength  in  the  pulp 
from  summerwood.  but  the  fibrils  of  summerwood  are  the  stronger, 
lending  more  tear  resistance  to  paper.  Springwood  fibers  are  the  more 
easily  fibrillated.  but  also  more  easily  broken  in  beating  or  jordan- 
ing.  All  strength  properties  of  the  pulps  excepting  tear  resistance 
improve  with  an  increase  in  the  springwood  content.  Tear  resistance 
is  increased  by  both  the  strength  and  bonding  quality  of  fibers. 
Hence,  a  50-50  mixture  of  thick-  and  thin-walled  cells  produces  a  pulp 
superior  to  either  alone  in  tear  resistance,  though  the  mixture  is 
intermediate  in  other  strength  properties   Watson  and  Hodder  1954). 

Fiber  length,  over  the  usual  range,  has  only  limited  effeet  on 
tensile  and  bursting  strength  of  paper.  Thin-walled  springwood 
fibers  collapse  and  felt  well,  making  relatively  smooth  sheets  high 
in  these  strength  qualities    fig.  103). 

The  distribution  of  pulping  characteristics  within  lobloUv  pine 
trees  has  often  been  noted.  On  cross  sections  of  stems  the  diameter 
and  wall  thickness  of  both  spring  and  summer  fibers  commonlv  in- 
crease toward  the  bark  fig.  104  .  With  increase  in  elevation  in  the 
tree  there  is  an  increase  in  springwood  content,  a  decrease  in  density, 
and  yields  that  are  lower  on  a  volume  basis.  Differences  in  strength 
properties  of  pulps  prepared  from  top.  middle,  and  butt  portions 
of  trees  are  shown  in  figure  105.  In  general,  the  pulp  yield  from 
sound  wood  parallels  fairly  closely  the  cellulose  content  of  each  tree. 
The  principal  processes 

The  yield  of  loblolly  pine  pulp  is  greatly  influenced  by  the  kind 
and  severity  of  a  pulping  process.  The  highest  yield.*  about  95 
percent,  is  from  the  mechanical  process  giving  groundwood  pulp. 
The  lowest  yields  result  from  the  more  drastic  chemical  digestion  in 
processes  that  dissolve  out  undesirable  constituents  leaving  largely 
pure  cellulose  (table  60).  Loblolly  pine  reduces  readily  by  the  sul- 
phate and  mechanical  processes.  With  modification,  it  can  also  be 
pulped  by  the  sulphite  process. 
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Figure  104. — Young  loblolly  pine  wood  grown  for  pulp  in  Australia:  A,  King 
by  ring  cross  sectional  dimensions  of  the  cells,  and  B,  a  combination  of 
certain  measurements  to  indicate  crush  resistance  of  the  fibers  (Watson 
and  Hodder  1954). 
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Figure  105.— Variation  in  strength  of  paper  made  from  wood  taken  from  var- 
ious positions  of  the  tree  in  a  forest  canopy  (suppressed  or  not),  position 
of  the  log  in  a  tree  (top,  butt,  or  middle),  and  degree  of  processing  the 
pulp  in  beaters  (Bray,  Martin,  and  Schwartz  1939). 

Sulphate  process 

Beginning  about  1916  there  has  been  a  tremendous  development 
of  the  kraft  pulping  industry  in  the  South  to  a  point  where  it 
dominates  the  American  production  of  this  kind  of  paper  products. 
Herty  (1933)  was  the  first  to  reveal  that  the  pitch  troubles  en- 
countered in  pulping  heartwood  of  old-growth  southern  pine  were 
absent  from  the  sapwood  of  second  growth.  Southern  kraft  pulps 
excel  northern  kraft  in  tearing  strength,  bulk,  and  porosity. 
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Table  60. — Yield  of  southern  pine  pulp  from  four  manufacturing  processes 


Pulp  yield1 

Mill  process    Wood  required  per 

Proportion  of  dry  wood  Per  cord  ton  of  pulp2 


Percent  Pounds  Cords 

Soda                                   40  905  2.210 

Sulphite                               45  1020  1.9603 

Sulphate                              48  1085  1.845 

Groundwood                         95  2185  0.9153 


Forest  Products  Laboratory,  Madison,  Wisconsin,  Tech.  Note  191.  1953.  [Processed.] 

1  Based  on  dry,  screened  pulp.  For  the  soda  and  sulphite  processes  the  pulp  is  bleachable  and  of  paper-making  grade. 

2  Based  on  wood  that  is  dry,  and  weighing  29  lbs.  per  cu.  ft. 

3  Young  wood,  essentially  free  from  heartwood. 

The  sulphate  process  uses  an  alkaline  cooking  liquor  of  sodium 
hydroxide  and  sodium  sulphide.  It  is  called  " sulphate"  because 
sodium  sulphate  is  used  in  recovering  the  chemicals.  The  sulphate 
cooking  conditions  for  loblolly  pine  are  similar  to  those  employed 
for  other  softwoods.  Some  800  to  1,500  pounds  of  kraft  pulp  can 
be  obtained  per  cord  of  wood,  depending  on  natural  variations  in 
cubic  feet  of  wood  per  cord  and  in  the  density  of  dry  wood.  For 
each  2-pound  increase  in  wood  density  there  is  a  1-pound  increase 
in  pulp  yield.  High-density  wood  may  yield  twice  as  much  as  low- 
density  wood.  The  yield  of  pulp  obtained  ranges  from  45  to  48 
percent  by  weight  of  the  wood.  Strong  bleached  pine  sulphate  pulp 
can  be  made  by  employing  a  little  more  cooking  chemical  than  is 
used  for  the  kraft  grade,  and  by  bleaching  in  a  multistage  process. 
The  kraft  grade  is  used  without  bleaching  in  wrapping  and  bag 
papers  and  container  boards.  The  bleached  and  semibleached  sul- 
phate pulps  are  used  extensively  in  the  making  of  bond  type  papers. 

The  yield  of  screened,  kraft-type  sulphate  pulp  increases  with 
the  weight  of  dry  pine  wood.  The  approximate  yield  of  moisture- 
free  pulp  per  cubic  foot  of  wood  (weighing  22  to  36  lbs.  per  cu.  ft.) 
equals  the  density  (expressed  in  pounds  per  cu.  ft.  moisture  free) 
times  0.509  and  minus  0.96  (Lehrbas  1950).  Roughly  each  2-pound 
increase  in  wood  density  produces  an  extra  pound  of  pulp.  Mitchell 
(1954)  reporting  a  study  by  Chidester  has  shown  the  relation  be- 
tween wood  density  and  kraft  pulp  yield  to  be  approximately: 

Y  =  10.25  +  0.51  (D-22),  where  Y  equals  pulp  yields  from  oven- 
dry  wood  in  pounds  per  cubic  foot  and  D  equals  wood  density 
in  pounds  per  cubic  foot — oven-dry  weight  and  green  volume. 

Sulphite  process 

This  process  uses  bisulphite  of  lime  with  sulphurous  acid.  The 
acid  sulphite  liquor  will  not  reduce  heartwood  nor  remove  resins. 
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Heartwood  and  knotty  wood  fibers  must  be  rejected  as  screenings  or 
cooked  twice. 

In  one  test  heartwood  chips  of  loblolly  pine  from  Crossett,  Ark., 
were  subjected  to  the  pulping  action  of  calcium,  magnesium,  and 
sodium  base  sulphite  liquors  before  and  after  air  seasoning  the  chips 
for  3.5  months.  The  pulping  of  the  heartwood  chips  was  most  com- 
plete and  effective  with  the  sodium  base,  somewhat  less  so  with  the 
magnesium  base,  and  least  so  with  the  calcium  base  liquor.  The 
strength  values  of  the  various  pulps  did  not  vary  greatly.  The 
comparatively  low  bleach  requirement  of  the  sodium  base  pulps  made 
them  relatively  superior  to  the  others  (McGovern  and  Chidester 
1941).  The  present  production  of  southern  pine  sulphite  pulp  is 
mostly  used  for  making  rayon. 

Hardboard  processes 

The  pioneer  explosion  process,  in  which  southern  pine  fibers  were 
first  separated  and  then  rebonded  under  heavy  hydraulic  pressure 
to  form  hardboard  was  used  successfully  for  many  years.  It  has 
recently  been  modified  in  a  process  using  hardwoods  exclusively, 
thus  opening  a  new  market  outlet  for  fresh  green  hardwood  from 
trees  that  previously  impeded  the  growth  of  loblolly  pines.142  In  so 
far  as  the  new  process  can  utilize  chips  of  hard  texture  it  furnishes 
a  long  sought  commercial  outlet  for  a  large  surplus  of  otherwise  un- 
merchantable hardwoods  that  continue  to  obstruct  the  full  use  of 
forest  land  for  crops  of  loblolly  pine.  Pine  wood  in  the  vicinity  of 
the  new  plant  will  be  released  to  meet  other  urgent  demands  in 
existing  markets. 

Soda  process 

This  is  the  older  and  simpler  of  the  alkaline  processes.  Some 
pine  is  pulped  by  this  process,  but  like  the  semichemical  process  it 
is  applied  mostly  to  hardwoods.  It  is  based  on  the  ability  of  caustic 
soda  to  dissolve  lignin  and  hydrolize  hemicellulose.  The  yield  of 
soda  pulp  is  45  percent  or  less  of  the  dry  weight  of  wood. 

Mechanical  process 

Mechanical  pulp  is  made  by  forcing  rossed  wood  against  a  re- 
volving grindstone.  It  differs  from  chemical  pulp  in  that  lignin, 
resins,  and  tannins  are  not  removed.  Blue-stained  wood  can  be  used 
to  a  limited  extent  without  much  detriment  to  color,  and  heartwood 
also  causes  no  color  trouble  when  young  fast-growing  pine  is  used. 

142  A  new  plant  in  Mississippi  plans  for  a  1,000-ton  daily  capacity,  of  which 
only  about  12  percent  will  be  derived  from  manufacturing  waste. 
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The  best  southern  pine  groundwood  pulp  is  made  from  unseasoned 
wood  that  is  less  than  35  years  old  with  fewer  than  10  rings  per 
inch  (Schafer,  Pew,  and  Curran  1937  and  1958).  Though  it  is 
difficult  to  make  loblolly  pine  ground  pulp  equal  in  quality  to  the 
best  that  can  be  made  from  spruce,  a  generally  good  and  useful 
quality  of  pulp  can  be  produced  from  the  pine  with  about  20  to  40 
percent  more  energy  than  ordinarily  used  for  spruce.  Knotty  wood 
requires  more  power  than  clear  wood  to  produce  an  equivalent  prod- 
uct. Compression  wood  lowers  the  strength  of  the  pulp  in  proportion 
to  the  amount  present.  A  dull  surface,  that  is  one  with  well  worn 
grits  and  rounded  edges  on  the  grooves,  seems  the  most  suitable 
for  grinding  pine.  Elevation  of  grinder  temperatures  up  to  210°F., 
with  other  variables  constant,  results  in  longer  fibered  and  stronger 
pulps  in  relation  to  the  energy  consumed. 

Southern  pine  groundwoocl  pulp  is  used  in  the  manufacture  of 
newsprint  paper,  paperboard.  and  insulating  board. 

PROPERTIES  RELATED  TO  STRENGTH 

Information  on  types  of  wood  is  most  helpful  when  interrelation- 
ships can  be  shown.  Accordingly  each  property  is  reported  here  in 
relation  to  the  A'ariables  associated  with  it.  If  the  conditions  that 
influence  strength  are  understood,  the  safety  factors  needed  in  struc- 
tural design  need  not  be  so  large.  Such  factors  are  necessary,  how- 
ever, as  Markwardt  and  Wood  (1953)  point  out.  because  under  long- 
time loading  wood  beams  retain  little  more  than  half  the  strength 
shown  under  laboratory  tests  of  short  duration. 

Dim  e  n  s  io  n  a  I  stab  il  ity 

Wood  does  not  change  in  dimensions  by  shrinking  or  swelling  in 
the  green  state ;  it  merely  loses  or  takes  up  free  water  in  cell  cavities 
and  cell  openings.  If,  however,  all  free  water  is  removed  in  drying 
and  hygroscopic  or  '''bound'"  water  is  removed  from  the  cell  wall 
itself,  shrinkage  and  resultant  internal  stresses  are  set  up.  The 
point  at  which  all  free  water  is  removed  from  Avood  and  only  hygro- 
scopic water  remains,  is  known  as  the  fiber  saturation  point.  It 
is  generally  accepted  as  about  28-30  percent  moisture  content  for 
most  species  although  it  has  been  accurately  measured  on  only  a 
few.  Measurements  reported  by  Berkley  (1934)  established  the 
fiber  saturation  point  for  loblolly  pine  at  22.5  ±  1  percent  moisture 
content. 

The  fiber  saturation  point  is  important  for  two  major  reasons : 
(1)  At  the  fiber  saturation  point,  shrinkage  begins  and  seasoning 
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Shrinkage  from  green  size 


Type  of  change 

Dried  to  20  percent 

Dried  to  6  percent 

Dried  to  0  percent 

moisture  content 

moisture  content 

moisture  content 

Percent 

Percent 

Percent 

Radial  

1.6 

3.8 

4.8 

Tangential  

2.5 

5.9 

7.4 

Volumetric  

4.1 

9.8 

12.3 

Condition  of  1-  by  6-inch 

Shrinkage  in 

boards  tested 

Moisture  content 

Width 

Thickness 

Sapwoodj  flat -grained : 

Percent 

6Jf.ths  of  an  inch 

64ths  of  a; 

Green  to  air-drv  

25  to  15 

HH 

1 

Air-dry  to  kiln-dry .... 

15  to  10 

5 

i 

Green  to  kiln-drv  

25  to  10 

15| 

2 

2 

Air-dry  to  house-dry .  .  . 

15  to  5 

10i 

1 

Kiln-dry  to  house-dry .  . 

10  to  5 

5 

i 

2 

Heartwood,  flat -grained : 

Green  to  air-drv  

25  to  15 

10 

1 

Air-dry  to  kiln -dry .... 

15  to  10 

5 

1 

Green  to  kiln-dry  

25  to  10 

15 

2 

2 

Air-dry  to  house-dry .  .  . 

15  to  5 

10 

1 

KilD-dry  to  house-dry. . 

10  to  5 

5 

i 

2 

Heartwood,  edge-grained : 

Green  to  air-drv  

25  to  15 

8 

u 

Air-dry  to  kiln -dry .... 

15  to  10 

4 

1 

Green  to  kiln-drv  

25  to  10 

12 

2| 

Air-dry  to  house-dry .  .  . 

15  to  5 

8 

Kiln-dry  to  house-dry . 

10  to  5 

4 

1 

Basis:  Forest  Products  Laboratory  Note  241  (1933)  and  Wood  Handbook  (U.S.F.S.  1955). 

defects  can  occur  from  internal  stress,  and  (2)  most  strength  prop- 
erties increase  with  the  loss  of  moisture  below  the  fiber  saturation 
point. 

Shrinkage  in  loblolly  pine  generally  varies  directly  with  density 
and  is  moderate  compared  with  other  species,  amounting  to  4.8 
percent  radial,  7.4  percent  tangential,  and  12.3  percent  volumetric, 
from  green  to  oven  dry  (U.S.F.S.  1955).  However,  the  actual 
shrinkage  of  ordinary  6-inch  loblolly  pine  boards  in  the  drying 
process  varies  in  width  from  Y^g-mch  up  to  a  maximum  of  nearly 
%-inch  depending  on  the  degree  of  drying  and  characteristics  of 
the  wood  (table  61).  The  wood  is  easily  seasoned  with  little  defect 
if  proper,  known  seasoning  methods  are  followed. 

Longitudinal  shrinkage,  unlike  transverse  shrinkage  discussed 
above,  seems  to  vary  inversely  with  wood  density,  but.  since  it  only 
amounts  to  about  0.3  percent  from  green  to  oven  dry.  its  effect  is 
not  usually  important.  It  appears  to  be  influenced  by  rate  of 
growth,  but  is  not  closely  associated  with  it.    For  wood  with  more 
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than  4  rings  per  inch  longitudinal  shrinkage  tends  to  remain  neg- 
ligible, but  can  increase  ninefold  when  there  are  as  few  as  2  rings 
per  inch. 

Extreme  differences  in  shrinkage,  transverse  or  longitudinal, 
caused  by  abnormal  wood  structure  (such  as  compression  wood  in 
softwoods )  result  in  dimensional  instability.  A  common  sight  in 
lumber  yards  cutting  old-field  pine  is  the  corkscrew  or  bowed  2  by 
4.  almost  invariably  the  result  of  excessive  longitudinal  shrinkage 
caused  by  either  compression  wood  or  a  sharp  contrast  in  growth  rate. 
Specimens  with  wide-ringed  wood  from  the  center  of  a  tree  that 
shrinks  excessively,  together  with  close-ringed  outer  wood  that  does 
not  shrink  much,  become  distorted  as  they  dry. 

The  most  common  abnormality  in  loblolly  pine  wood  is  known 
as  compression  wood.  This  type  of  wood  is  characteristic  of  softwood 
trees  or  logs  in  which  the  pith  is  off  center,  as  might  occur  in  lean- 
ing trees.  The  rings  are  wide,  often  eccentric.  15  or  40  percent 
heavier,  and  without  the  usual  contrast  in  color  they  appear  lifeless. 
Snnmierwood  percentage  is  usually  high.  In  compression  wood  the 
cells  are  crooked  and  irregular  in  length.  Xearly  circular  in  cross 
section,  they  are  not  completely  joined — leaving  intercellular  spaces. 
The  slope  of  spiral  checks  and  striations  on  the  cell  walls  is  greater 
in  compression  wood  than  in  normal  wood,  especially  in  the  spring- 
wood  portion    Pillow  1951a  . 

To  identify  compression  wood  in  its  less  pronounced  forms  trans- 
mined  light  is  helpful.  If  cross  sections  %  to  inch  thick  are 
taken  from  a  sample  of  compression  wood  it  can  be  easily  recognized 
Pillow  1941    because  it  is  opaque  rather  than  translucent. 

When  adjustments  are  made  for  differences  in  weight,  compres- 
sion wood  is  lower  in  nearly  all  strength  properties  and  in  pulp 
yield  as  compared  to  normal  wood.  Compression  wood  has  lower 
shock  resistance  and  is  inferior  in  stiffness  (fig.  106).  It  shrinks 
excessively  (over  0.3  percent'*  along  the  grain  causing  butt  joints 
in  siding  to  open  •  Koehler  1946  .  More  serious  difficulty  arises  when 
this  abnormal  wood  occurs  together  with  normal  wood  in  the  same 
board.  Such  lumber  tends  to  bow.  crook,  or  twist  if  free,  or  if  con- 
fined, to  check  or  cross  break  Koehler  1946  .  Few  specifications 
limit  compression  wood  in  sawed  timber.  Some  difficulty  can  be 
avoided  by  inspection  to  eliminate  compression  wood. 

Material  with  visible  compression  wood,  pith  on  one  surface,  less 
than  4  rings  per  inch  at  both  ends,  or  fast  and  slow  growth  in  close 
proximity  should  be  viewed  with  suspicion  because  these  features 
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(Pillow  and  L oxford  1937). 

affect  dimensional  stability.  Such  specimens  account  for  78  percent 
of  warping  in  storage  (King  1954  .  The  rest  of  the  material  should 
be  satisfactory  if  properly  seasoned  and  used  where  it  will  not  re- 
absorb much  moisture. 

Timber  growers  who  wish  to  minimize  production  of  abnormal 
wood  should  be  guided  by  observations  made  by  Pillow  and  Luxford 
1937  on  partially  cut  loblolly  pine  stands.  Where  loss  than  10 
percent  of  vertical  trees  had  compression  wood  before  logging,  about 
35  percent  produced  it  in  accelerated  growth  after  logging.  Among 
the  non vertical  trees  reserved  and  growing  l1^  to  2xo  inches  in  10 
years,  less  than  40  percent  of  those  with  slight  lean  (%"  to  21os) 
contained  compression  wood,  whereas  those  with  pronounced  lean 
(over  S1* 3 ')  all  had  it.  Leaning  trees  should  be  harvested  to  avoid 
that  reaction 

Density  and  weight  of  wood 

Roughly  half  the  weight  of  green  wood  is  water.  Average  specific 
gravity  is  0.47  based  on  oven-dry  weight  and  green  volume  V  The 
specific  gravity  of  actual  wood  substance  is  1.52  plus  or  minus  only 
4l2  percent.  Because  of  this  small  variation  in  specific  gravity  of 
cell  walls,  and  because  resin  content  accounts  for  only  about  2.3 
percent  of  weight,  density  of  dry  loblolly  pine  wood  indicates  its 
substance  and  strength  (Xewlin  and  Wilson  1919  V  Commercial 
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shortleaf  pine  wood  (which  includes  loblolly)  is  roughly  90  percent 
as  heavy  as  longleaf  pine.  Because  of  thinner  cell  walls,  loblolly 
pine  wood  of  a  given  density  has  about  20  percent  more  summer- 
wood  than  longleaf  pine  (Berkley  1934). 

An  increase  of  0.01  in  specific  gravity  brings  an  increase  of  about 
50  pounds  in  dry  weight  of  a  cord  of  wood.  Specific  gravity  was 
recognized  early  by  the  Southern  Pine  Association  in  judging  the 
quality  of  structural  timber  by  a  "density  rule"  (p.  421).  Be- 
cause some  trees  contain  nearly  twice  as  much  summerwood  near 
the  butt  as  higher  in  the  tree,  it  is  better  to  judge  wood  quality  at 
the  top  end  of  long  timbers.  Wood  that  passes  the  density  rule  is 
stronger  on  the  average  than  unselected  specimens.  In  laboratory 
tests  a  bending  strength  of  5,170  pounds  per  square  inch  was  in- 
creased to  6,450  pounds  or  25  percent  by  the  application  of  the 
density  rule  to  exclude  the  weaker  specimens  (Wood  1950). 

Loblolly  pine  wood  weighs  about  36  pounds  per  cubic  foot  when 
dry.  After  seasoning  to  15  or  12  percent  moisture,  1,000  actual 
board  feet  of  lumber  weigh  about  3,000  pounds;  or  about  2,200 
pounds  dressed  to  standard  dimensions  of  25/32  by  7%  inches  for 
nominal  1-  by  8-inch  lumber  (Reck  1933,  U.S.F.S.  1955). 

Betts  (1909)  reported  specific  gravity  decreasing  with  height  in 
the  tree  as  follows  (basis  14  trees)  : 

Height  above  stump  Specific  gravity  of  dry  icood 

(inches) 

0    0.63 

10  :   -58 

20   .53 

30   51 

40   .49 

50   .48 

60   -47 

Although  these  trees  were  heavier  than  average,  the  tendency  to- 
ward lighter  wood  in  the  upper  logs  has  been  noted  by  many  ob- 
servers. There  is  also  a  highly  significant  increase  radially  in  spe- 
cific gravity  from  the  pith  outward  (Yandle  1956),  owing  to  some 
undetermined  factor  related  to  age  rather  than  width  of  ring.  A 
formula  (Bethel  1940)  expresses  this  upward  and  outward  increase 
of  density  in  second-growth  loblolly  pine  as  follows :  specific  gravity 
—  0.5129  +  0.0442  (logarithm  of  number  of  years  from  the  pith) 
+  (—0.2151)  (distance  in  feet  up  the  tree  total  height  in  feet). 
A  typical  distribution  of  specific  gravity  resulting  from  this  relation- 
ship is  shown  by  the  symmetrical  zonation  in  figure  107. 
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Figure  107. — Longitudinal  section  of  a  typical  pine  trunk  showing  (A)  zona- 
tion  of  specific  gravity  of  the  wood,  and  (B)  distribution  of  fibers  by 
length  in  relation  to  age  and  height  (Bethel  1940). 

In  the  gulf  states  there  is  a  broad  geographic  downward  trend 
in  the  average  specific  gravity  of  loblolly  pine  from  east  to  west. 
Nevertheless,  the  variation  in  the  specific  gravity  of  mature  wood 
is  much  greater  between  individual  trees  on  any  one  site  than  it  is 
for  average  specific  gravities  between  sites  or  geographic  races 
(Zobel  and  McElwee  1958a).  The  bole  of  a  given  tree  has  a  higher 
specific  gravity  and  a  greater  content  of  alpha-cellulose  in  its  ma- 
ture wood  than  in  its  juvenile  wood. 

Strength  of  the  wood,  green  or  dry,  may  be  approximated  from 
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Table  62. — Estimated  strength-specific  gravity  relations  for  loblolly  pine 


Specific  gravity-strength  relations? 


Strength  property1  Air-dry  wood  (12 

Green  wood       percent  moisture) 


static  bending: 

Fiber  stress  at  proportional  limit  p.s.i. 

Pl.5 

Cll.o 

22.700 

Gr  5 

35.140 

G1  5 

\\  Oia  LU  Hid Al III u III  lUd.U  111.  1U.  pel   111.  Hi. 

37. 1 

G2 

40.0 

G2 

132 

Q2.25 

79.6 

G2-25 

Modulus  of  elasticity  1,000  p.s.i. 

3.620 

Q1.25 

4,180 

Q1.25 

Impact  bending,  height  of  drop  causing  complete 

Gr 

136 

Gr 

115 

Compression  parallel  to  grain : 

11. ISO 

Fiber  stress  at  proportional  limit  p.s.i. 

6,550 

G1 25 

Gr125 

S,970 

G1-25 

16,430 

Q1.25 

Modulus  of  elasticity  1 ,000  p.s.i. 

4.010 

Gr1'25 

4,570 

Q1.25 

Compression  perpendicular  to  grain,  fiber  stress  at 

5,250 

Q2.5 

3,170 

Q2.5 

Hardness: 

End.  lb. 

2,770 

G2  5 

4.040 

Gr  5 

2,970 

G2  5 

3,710 

Q2.0 

1  P.s.i.  equals  pounds  per  square  inch.  _ 

2  The  properties  and  values  should  be  read  as  equations;  for  example,  modulus  of  rupture  of  green  wood  =  22 ,  j  00 
G1-5,  where  G  represents  the  specific  gravity  based  on  oven-dry  weight  and  volume  at  the  moisture  condition  indicated. 


exponential  equations  utilizing  various  powers  of  the  values  for 
specific  gravity  (table  62).  These  formulas  are  merely  estimates  of 
trends  :  they  do  not  provide  accurate  determinations  of  properties 
for  small  lots  of  material  and  should  be  applied  only  in  general 
evaluations. 

How  variations  in  specific  gravity  are  associated  with  stand  con- 
ditions in  the  forest  have  been  observed  frequently  but  evaluation 
of  the  causes  of  these  relationships  remains  incomplete  and  tentative. 
For  example,  Paul  (1931a)  found  this  trend: 


D.b.h. 

(inches)  Average  specific  gravity 

10   0.49 

14   .48 

18   .45 

22   .39 


As  this  was  an  even-aged  well-stocked  stand,  the  wood  from  the 
smaller  trees  may  have  been  heavy  because  of  suppression  or  small 
crowns.    The  proportion  of  spring-wood  increased  with  crown  size. 

Paul's  conclusion,  however,  was  that  the  development  of  the 
summerwood  portion  of  the  annual  rings  depends  more  upon  favor- 
able conditions  for  continued  growth  throughout  the  season.  Dur- 
ing years  of  extreme  drought  the  development  of  the  late  wood 
portion  of  an  annual  ring  is  very  much  below  that  formed  in  a 
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Figube  ICS. — formal  variation  in  specific  gravity  of  wood  found  between  (A) 
loblolly  and  longleaf  pine  (Paul  and  Smith  1950  and  B  springwood  and 
sununerwood  of  loblolly  pine  (Paul  1939;. 

summer  of  heavy  rainfall,  even  though  the  springwood  development 
for  the  same  year  is  nearly  normal.  Heavy  wood  is  produced  even 
in  open  stands  when  soil  moisture  and  fertility  are  such  that  growth 
continues  throughout  the  vegetative  season  sufficiently  to  keep  the 
proportion  of  snmmerwood  high. 

Zobel  and  Rhodes  (1955),  seeking  genetic  causes  for  differences 
in  density  of  wood,  found  little  relation  within  any  given  stand  be- 
tween specific  gravity  at  breast  height,  length  of  clear  bole,  or  rate  of 
growth.  Nor  did  they  find  any  relation  between  asre  of  tree  from 
25  and  50  years  and  specific  gravity  within  any  given  site.  They 
recognize  a  strong  relation  between  sununerwood  percentage  and 
density  (fig.  108,  B  .  but  feel  that  the  environmental  causes  of 
variation  have  been  overr emphasized.  Until  it  is  discovered  to  what 
extent  the  variations  are  inherited  the  influence  of  environment  may 
be  questioned  but  not  dismissed. 

The  wood  of  loblolly  pine  normally  ranges  from  0.30  to  0.60  in 
specific  gravity,  averaging  about  0.46  fig.  ICS.  A  .  The  reason  for 
the  unchallenged  direct  relation  between  density  and  summerwood 
percentage  is  apparent  in  the  well-separated  peaks  of  the  curves. 
Summerwood  is  usually  twice  as  heavy  as  springwood.  Specific 
gravity  averaging  about  0.06  higher  in  old-growth  than  in  second- 
growth  wood  appears  to  increase  with  number  of  rings  per  inch  up 
to  about  12  in  old  growth  or  14  in  second  growth,  then  to  decline. 
Also  for  a  given  percentage  of  springwood.  trees  of  rapid  growth  are 
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less  dense  than  those  of  slow  growth.  For  wood  of  the  same  age 
there  is  little  relationship  between  growth  rate  and  specific  gravity. 
For  rings  of  the  same  width  occurring  in  both  outer  and  inner  sec- 
tions, there  is  less  summerwood  in  the  inner  zone  (Lodewiek  1933), 
reflecting  an  effect  associated  with  age  or  radial  distance.  More  re- 
search is  needed  to  isolate  the  principal  cause  and  effect  in  these 
relationships. 

Bending  strength  of  seasoned  wood  varies  primarily  and  most 
directly  with  density  and  moisture  content  below  22.5  percent  '"fig. 
109).  * 

Formulas  are  available  for  estimating  specific  gravity  from  per- 
centage of  summerwood.  from  rings  per  inch,  or  both  together 
'Schafer  1949    using  representative  specimens. 

E  —  0.00499X  —  0.2732 

where  E  is  the  expected  specific  gravity  and  X  the  percentage  of 
summerwood.  or 

E  =  0.006732  -  0.413 

where  Z  is  the  number  of  rings  per  radial  inch.  Using  both  criteria 
Schafer  "s  formula  is — 

E  —  0.0044X  —  0.0037Z  -  0,2693 

Of  the  total  variation  in  specific  gravity  encountered  in  this  study 
summerwood  alone  accounted  for  72  percent  and  growth  rate  alone 
31  percent.  Together  they  accounted  for  SO  percent.  These  rela- 
tions are  derived : 

Ratio:  oven-dry  Ratio:  oven-dry 

Volume  of       weight  to  green    Rate  of  growth     weight  to  green 
summerwood  volume        in  rings  per  inch  volume 

'percent)       ( specific  gravity)       (number)       (specific  gravity) 

15..   0.35         2   0.43 

25   .40         6   .45 

35   .45        10   .48 

45   .50        14   .51 

55   .55        18   .53 

65   .60        22   .56 

Turnbull  1947  working  with  yellow  pines  in  South  Africa  found 
that  although  the  density  of  wood  formed  in  any  one  year  is  as- 
sociated with  some  function  of  age  rather  than  rate  of  growth,  over- 
all density  for  entire  cross  sections  is  related  to  periodic  growth  by 
stages  in  the  development  of  a  tree.  He  concluded  that  wide  spacing 
in  the  latter  portions  of  rotations  is  not  apt  to  reduce  specific  gravity 
for  it  is  within  the  development  stage  most  likely  to  produce  the 
heavier  wood. 
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Figure  109. — Moisture  content,  specific  gravity,  and  rate  of  growth,  as  related 
to  the  strength  of  loblolly  pine  wood.  Bending  strength  (A)  based  on 
numbers  of  clear  2-  by  2-  by  30-inch  specimens  shown  on  the  curve.  The 
crushing  strength  (B  and  C)  based  on  tests  of  162  clear  2-  by  2-  by  4-inch 
specimens  (Betts  1909). 

The  distribution  of  strength  values  within  the  bole,  usually 
symmetrical  in  vertical  trees,  varies  with  age  and  height  above 
ground.  In  other  trees  the  pattern  becomes  irregular,  modified  by 
the  degree  and  direction  of  lean. 

For  example,  the  tree  at  figure  110,  A,  was  a  fine  straight-grained 
specimen  in  old  growth  with  5  to  8  rings  per  inch  in  the  first  80 
years  and  15  to  30  thereafter.  Strength  increased  progressively 
from  the  pith  only  up  to  a  point  where  growth  decreased  sharply. 
Weakest  wood  was  found  in  the  top,  the  central  core,  and  the  over- 
mature shell.  The  smaller  bole  of  leaning  tree  B  is  stronger,  but 
was  inferior  because  of  irregular  strength  pattern.  Although  its 
strength  about  doubled  from  pith  to  bark  at  stump  level  on  two  sides, 
the  contrast  between  the  normal  wood  on  the  right  and  compression 
wood  at  the  left  is  unfavorable.  The  asymmetrical  growth  on  the 
leaning  side  warped  badly  in  seasoning. 

Height  in  the  tree,  environment,  or  the  silviculture  used  for  lob- 
lolly pines  planted  in  South  Africa  greatly  influenced  the  weight 
of  wood  found  in  16-year-old  trees.  When  they  were  widely  spaced 
on  a  low  moist  site  the  wood  was  29  percent  heavier  at  stump  height 
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Figuee  110. — Eadial  and  longitudinal  distribution  of  crushing  strength  (1,000 
lbs.  per  sq.  in.)  in  two  loblolly  pines  from  Mississippi:  A,  A  vertical  160- 
year-old  tree,  with  a  relatively  uniform  pattern  of  strength  in  rather  light 
wood,  grown  on  moist  sandy  clay;  B,  a  leaning  50-year-old  tree,  with  a 
nonuniform  pattern  of  strength  in  heavier  wood,  grown  on  dry  clay  loam 
(Brust  and  Berkley  1935;. 
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than  at  22  feet.  At  22  feet  from  the  ground  the  wood  was  17  per- 
cent heavier  from  trees  widely  spaced  on  a  low  moist  site  than  from 
trees  closely  spaced  on  a  high  dry  site  (Scott  and  du  Plessis  1951). 

The  influence  on  specific  gravity  of  the  various  factors  that  ap- 
pear to  affect  it  has  not  yet  been  apportioned  among  them,  and  will 
not  be  until  we  have  more  closely  controlled  experiments. 

In  general  density,  elasticity,  and  strength  decrease  from  low  to 
high  points  in  the  bole.  Transversely  they  increase  from  the  pith 
to  a  maximum  in  the  outer  rings  of  second-growth  trees.  In  old 
growth  the  maxima  are  usually  between  the  80th  and  100th  rings, 
beyond  which  they  asain  decrease  toward  the  bark.  Most  of  the 
variation  in  specific  gravity  and  strength  appear  due  to  position  in 
the  tree,  age  at  which  the  wood  is  produced,  and  structural  form 
of  the  stem,  rather  than  to  growth  rate  (Spnrr  and  risking  1954"  . 
Hence,  loblolly  pine  should  be  grown  at  the  fastest  rate  commensurate 
with  good  natural  pruning,  form,  and  knot  size. 

Moisture  content 

The  average  moisture  content  of  green  loblolly  pine  wood  varies 
from  33  percent  in  heartwood  to  110  percent  in  sapwood.  In  pole 
sizes  the  wood  weighs  53  pounds  per  cubic  foot  green  or  36  pounds 
air-clry  at  about  15  percent  moisture  -T.S.F.S.  1955  .  At  8  percent, 
it  weighs  a  pound  less.  Adjustments  in  these  weights  are  readily 
made  for  moisture  changes  by  adding  0.154  for  each  1  percent  in- 
crease or  subtracting  it  for  each  1  percent  decrease  in  moisture. 

Strength  of  clear  wood  increases  as  it  dries  below  about  30  per- 
cent moisture.  Values  for  several  strength  properties  of  both  green 
and  dry  loblolly  pine  wood  are  shown  in  table  63.  In  each  of  these 
properties  dry  wood  is  the  stronger.  Toughness,  however,  mav  be 
lost  in  drying  as  it  depends  on  flexibility  as  well  as  on  strength.143 
The  relationship  of  toughness  or  shock  resistance  to  moisture  con- 
tent has  been  found  to  be  quite  complex  and  differs  greatly  among 
species. 

Wilson  1932  has  indicated  that  the  strength-moisture  relations 
of  yellow  pine  wood  may  be  expressed  by  an  exponential  formula 
of  the  form  Log  S  =  log  Si  —  Jc  Up  —  31  where  >'  is  the  strength 
value  to  be  computed  for  timber  of  moisture  content  M,  and  Si  •"in- 
tersection strength"  is  the  strength  value  of  green  wood  at  or  above 

143  When  loblolly  pine  wood  of  specific  gravity  0.47  to  0.51  is  dried  from 
86  percent  moisture  to  12  percent  its  toughness  (measured  in  inch-pounds  of 
load  applied  is  reduced  17  percent  on  a  tangential  face,  or  36  percent  on  a 
radial  face — based  on  laboratory  specimens  %  x  %  x  10  inches  tested  over  an 
S-inch  span. 
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Table  63. — Strength  properties  of  loblolly  pine  as  measured  on  small;  clear, 
green  or  air-dry  specimens1 


Green  Air-dry 

Item  and  unit  specimens  specimens 

Moisture  content  percent  81  12 

Specific  gravity   .47  .51 

Static  bending: 

Fiber  stress  at  proportional  limit  p.s.i.2  4 , 100  7 , 800 

Modulus  of— 

Rupture  p.s.i.  7,300  12,800 

Elasticity  1,000  p.s.i.  1,410  1,800 

Work  to — 

Proportional  limit  in. -lb.  per  cu.  in.  .68  1.92 

Maximum  load                                                 "  8.2  10.4 

Impact  bending  (50-lb.  hammer),  height  of  drop  causing 

failure  inches  30  30 

Compression  parallel  to  the  grain: 

Fiber  stress  at  proportional  limit  p.s.i.  2,550  4,820 

Maximum  crushing  strength  p.s.i.  3,490  7,080 

Compression  perpendicular  to  the  grain,  fiber  stress  at 

proportional  limit  .....p.s.i.  480  980 

Shear  parallel  to  the  grain,  maximum  shearing  strength  p.s.i.  850  1,370 

Tension  perpendicular  to  grain,  maximum  tensile  strength.  .  .p.s.i.  260  470 
Hardness:  load  required  to  embed  a  0.444-inch  ball  to  \  its 

diameter : 

End  pounds  420  750 

Side  pounds  450  690 


1  Wood  Handbook,  p.  76  (U.S.F.S.  1955). 

2  P.s.i.  equals  pounds  per  square  inch. 


"Mp" — 21  percent  for  loblolly  pine — and  k  a  constant  with  average 
values  ranging  roughly  from  0.012  to  0.035  for  different  strength 
properties.  The  logarithm  of  average  strength  values  varies  inversely 
and  uniformly144  with  moisture  content  below  21  percent  and  is  un- 
changing above  that  point  (fig.  111).  The  horizontal  portions  of  these 
curves  represent  the  strength  of  wood  that  is  green  or  soaked,  and 
the  left  ends  of  the  sloping  lines  represent  the  average  strength  of 
wood  seasoned  to  12  percent  moisture.  The  equation  and  chart  apply 
to  strength  as  tested  on  small  specimens  of  clear  wood  in  which 
moisture  was  distributed  uniformly.  They  do  not  apply  to  large 
timbers  with  an  irregular  distribution  of  moisture. 

The  data  for  air-dry  wood  (12  percent  moisture  content)  in  ta- 
ble 63  may  be  used  to  approximate  the  strength  of  wood  at  other 
moistures  below  about  20  percent  moisture  content.  Correction  fac- 
tors in  percent  for  the  various  strength  properties  of  loblolly  pine 
for  each  1  percent  change  in  moisture  content  are  as  follows: 

144  tms  uniformity  is  an  approximation  in  that  the  exact  relation  tends  to 
be  slightly  curvilinear,  meeting  the  fiber-saturation  point  at  some  moisture  con- 
tent a  little  above  21  percent. 
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LEGEND 

PL  =  PROPORTIONAL  LIMIT 

//  =  PARALLEL   TO  GRAIN 

1  =  PERPENDICULAR    TO  GRAIN 

Mp  =  INTERSECTION  POINT 


STRESS  AT  PL  IN  IMPACT  BENDING 
MODULUS  OF  RUPTURE  IN  STATIC  BENDING 


STRESS  AT  PL  IN  STATIC  BENDING 


MAX.  CRUSHING  STRENGTH  IN  COMPRESSION  II 
 STRESS  AT  PL  IN  COMPRESSION  II 

MODULUS    OF  ELASTICITY  IN  STATIC  BENDING 
(IOOO  LBS.  PER  SO.  IN.) 

 MAX.   SHEARING    STRENGTH  II 

STRESS  AT  PL  IN  COMPRESSION  J_ 
HARDNESS    OF  SIDE  GRAIN  (POUNDS) 

MAX.   TENSILE  STRENGTH  IN  TENSION  1. 

CLEAVAGE:    LOAD    TO  CAUSE  SPLITTING 
(LBS.  PER   IN.  OF  WIDTH) 
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MOISTURE    CONTENT    (PERCENT  OF   DRY  WEIGHT) 


Figure  111— Strength-moisture  relations  for  2-  by  2-inch  specimens  of  clear 
loblolly  pine  wood.  Moisture  at  12  percent  represents  air-seasoned  lumber 
and  at  21  percent  or  more,  lumber  that  is  green  or  soaked  (Markwardt 
and  Wilson  1935). 
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Curve  no.  Correction 
Strength  property  in  figure  111  factor1 

Static  bending:  (percent) 

Fiber  stress  at  proportional  limit   3  7.4 

Modulus  of  rupture   2  6.4 

Modulus  of  elasticity   6  2.8 

Work  at  proportional  limit   11.2 

"Work  to  maximum  load   2.6 

Impact  bending: 

Fiber  stress  at  proportional  limit   1  3.4 

Work  to  proportional  limit   3.8 

Height  of  drop  causing  complete  failure   -1 

Compression  parallel  to  grain : 

Fiber  stress  at  proportional  limit   5  7.3 

Maximum  crushing  strength   4  8.2 

Compression  perpendicular  to  grain,  fiber  stress  at  proportional 

limit   8  8.3 

Shear  parallel  to  grain,  maximum  shearing  strength   7  5.4 

Hardness: 

End   6.5 

Side   9  4.9 

1  Corrections  to  the  strength  properties  must  be  applied  successively  for  each  1  percent  change  in  moisture  content 
until  the  total  change  has  been  covered.  For  each  1  percent  decrease  in  moisture  content  the  strength  is  multiplied  by 
(1  +  P)  where  correction  P  is  expressed  as  a  decimal.  For  each  1  percent  increase  in  moisture  (up  to  about  20  percent) 
the  strength  is  divided  by  (1  +  P).  Successive  multiplications  or  divisions  can  be  avoided  by  raising  the  factor  (1  +  P) 
to  the  power  n,  where  n  is  the  total  moisture  change  to  be  covered,  and  then  multiplying  or  dividing  the  original  strength 
by  the  ratio  so  calculated.  A  compound  interest  table  may  serve  the  purpose.  This  correction  procedure  is  standard 
practice  at  the  Forest  Products  Laboratory  at  Madison,  Wis. 

Working  stresses 

Wooden  building  materials  vary  widely  in  strength.  Basic  stresses 
for  clear  lumber  and  for  structural  timbers  are  reported  (LT.S.F.S. 
1955.  pp.  137-164)  as  they  are  related  to  size  and  quality  of  the 
pieces,  and  as  they  are  modified  by  various  types  of  defects  such  as 
decay,  holes,  knots,  shakes,  cross  grain,  etc.  The  details  of  grading 
structural  timber  are  important  engineering  considerations  beyond 
the  scope  of  this  treatise. 

Wood  technologists  may  be  interested  in  cell  structure  as  related 
to  strength  in  timber  and  the  nature  of  its  fracture.  Garland  (1939) 
points  out  that  failure  of  brash  loblolly  pine  seems  to  be  associated 
with  relatively  low  strength  among  specimens  of  large  fibril  angle 
(see  discussion  of  fibril  angles  in  section  on  ''Character  of  the 
wood")  and  that  splintering  occurs  with  relatively  high  strength 
and  small  fibril  angles. 

Thermal  conductivity 

The  rate  at  which  loblolly  pine  conducts  heat  is  intermediate 
between  that  of  a  light  coniferous  wood  such  as  northern  white-cedar 
and  a  heavy  hardwood  like  hickory.  Thermal  conductivity  increases 
directly  with  moisture  content.  For  loblolly  pine,  conductivity  may 
be  computed  from  the  formula 
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K  =  8  (1.39  +  0.0283/)  +  0.165  145 
where  S  is  specific  gravity  based  on  volume  at  current  moisture  con- 
tent and  weight  when  oven  dry,  and  M  is  moisture  content  in  percent. 
For  moistures  above  30  percent  a  constant  value  for  S  equal  to  0.47 
may  be  used. 

Nail  holding  capacity 

Loblolly  pine  is  much  like  Douglas-fir  in  retaining  nails,  but 
superior  to  ponderosa  pine.  Loblolly  wood  holds  nails  only  about 
four-fifths  as  tenaciously  as  the  other  southern  yellow  pines.  In 
laboratory  tests  cement-coated  7d  nails  were  driven  to  a  depth  of 
1%  inches  and  pulled  at  once.  The  load  required  for  withdrawal 
was  179  pounds  for  end  surface,  271  radial,  and  335  tangential.  The 
density  of  the  pine  sample  was  0.59.  Resistance  to  withdrawal  de- 
creased with  the  specific  gravity  of  the  wood  (U.S.  Forest  Serv. 
Forest  Products  Lab.  Tech.  Note  236,  1931). 

DEFECTS  AND  GRADES 

Wounds  and  decay  in  standing  timber 

Much  of  the  waste  in  manufacturing  and  many  of  the  defects  in 
sawed  wood  products  stem  from  imperfections  in  trees  and  logs. 
Log  volumes  have  to  be  scaled  down  to  allow  for  losses  from  crook, 
sweep,  fusiform  cankers,  and  redheart.  Heart  rots  affect  second- 
growth  timber  much  less  than  the  old  growth  because  of  shorter  ro- 
tations. Redheart  caused  by  Fomes  pirn  was  observed  to  vary  from 
5  percent  in  a  40- to  90-year-old  stand  of  loblolly  pine  in  Virginia 
to  72  percent  of  the  volume  in  a  stand  190  to  230  years  old.  Insofar 
as  loblolly  pines  are  more  limby  than  shortleaf,  they  may  develop 
more  rot,  but  usually  it  does  not  exceed  15  percent  of  the  volume  in 
second  growth  at  70  to  80  years,  even  in  unmanaged  stands.  In  a 
58-year-old  stand  of  loblolly  pine  in  southern  Arkansas  the  volume 
loss  in  logs  infected  with  redheart  was  about  4  percent,  but  degrade 
from  incipient  decay  brought  the  total  financial  loss  up  to  8  percent 
(Hepting  and  Chapman  1938). 

Cull  results  from  fire  wounds  in  standing  timber  because  decay, 
insects,  or  pitch  soaking  often  follow.  The  volume  of  butt  cull  is 
closely  related  to  the  width  and  age  of  scars  made  by  fire  or  in 
logging.  Owing  to  size  limitations,  average  wound  widths  vary 
with  diameter  of  the  trees  (fig.  112,  A).  Although  wide  scars  take 

145  K  is  the  quantity  of  heat  in  British  thermal  units  that  flows  in  1  hour 
through  a  1-inch  thickness  of  material,  1  square  foot  in  area,  when  the  tempera- 
ture difference  between  the  two  surfaces  is  1°F.  (U.S.F.S.  1955,  p.  47). 
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WOUND  AGE  (YEARS)  WOUND    WIDTH  (INCHES) 


Figure  112. — Eelations  between  the  dimensions  of  loblolly  pine  trees,  their  basal 
wounds,  rate  of  healing,  and  volume  of  cull  wood:  (A)  Tree  diameter  limits 
wound  width,  (B)  wider  wounds  heal  faster,  (C)  butt  cull  increases  with 
wound  width  and  time  since  injury,  (2?)  volume  loss  accelerates  with  in- 
crease in  wound  width  after  30  years,  and  (E)  percentage  reduction  in 
yield  increases  with  width  of  wound  (Garren  1941). 

longer  to  heal,  their  rate  of  healing  is  faster  than  for  narrow  ones 
(fig.  112,  B).  In  loblolly  pine  more  than  half  the  wounds  appear 
to  have  no  importance  in  relation  to  decay  in  saw-log-sized  trees. 
Scars  1  to  3  inches  wide  produce  little  cull,  regardless  of  age,  but 
scars  4  to  6  inches  wide  produce  some  cull.  There  is  an  abrupt  in- 
crease in  cull  from  wounds  wider  than  6  inches  (fig.  112,  E).  Wounds 
7  to  12  inches  wide  result  in  considerable  cull  after  30  years,  while 
those  over  12  inches  wide  become  serious  in  10  years  (fig.  112,  C  and 
D). 

A  loss  of  9  to  12  percent  in  lumber  volume  may  be  expected 
from  wounds  wider  than  7  inches.  For  any  given  wound  age,  cull 
volume  increases  approximately  with  the  square  of  wound  width 
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(Garren  1941  .  The  extent  of  fire  injury  in  a  stand  depends  on  such 
factors  as  frequency,  severity,  and  season  of  burning,  but  the  prev- 
alence of  scarred  trees  standing  at  a  given  time  is  affected  not  only 
by  the  incidence  of  fire  but  also  by  the  capacity  of  a  species  to  sur- 
vive various  degrees  of  wounding.  As  fires  occur  less  frequently, 
and  partial  cutting  more  often,  logging  scars  may  account  for  a 
somewhat  larger  portion  of  butt  rot  and  other  defects  in  trees. 

Insects  cause  their  share  of  the  common  defects  in  timber.  In 
pine  products  the  so-called  pin  holes,  or  grub  holes  less  than  y8 
inch  in  diameter,  with  adjacent  dark  streaks  usually  result  from 
ambrosia  beetles..  Platypus  flavicornis,  in  felled  trees,  green  logs,  or 
unseasoned  lumber.  Holes  that  are  larger  than  y8  or  %  inch  are 
usually  the  work  of  timber  worms  in  living  trees.  If  such  holes 
are  oval  and  filled  with  powdery  dust  or  loose  shreds  ("frags") 
they  result  from  round-headed  borers.  Monochamus  titillator,  or  from 
powder-post  beetles  in  green  or  seasoned  lumber.  '•'Powder-post" 
is  a  form  of  damage  caused  by  various  insects.  Unstained  holes 
tightly  packed  with  granular  boring  dust  [pellets  of  digested  and 
excreted  wood'  are  made  by  flatheaded  borers  in  living  or  green 
felled  trees  (Snyder  1927). 

Stain  and.  minor  defects 

Brown  and  blue  stains  result  from  fungus  attack,  but  are  not 
necessarily  accompanied  by  decay.  Their  presence,  however,  indi- 
cates that  conditions  have  been  favorable  to  decay,  and  decay  might 
also  be  present.  Species  of  C eratostomataceae  are  responsible  for 
most  of  the  initial  blue  stain  in  southern  pine  lumber  and  loss 
(Davidson  1935  .  Blue  stain  fungi  are  most  active  from  late  May 
to  early  September.  Most  stain  develops  in  sapwood  of  green  logs 
and  lumber  during  air  seasoning,  before  the  moisture  content  is  re- 
duced to  20  percent  of  the  dry  weight  (Scheffer  and  Lindgren  1940  . 
Important  stain  also  develops  in  beetle-killed  trees.  Spraclling  '1936 ) 
studying  the  penetration  of  the  mold  Tricho derma  lignorum  into  the 
sapwood  of  loblolly  pine  found  it  mainly  in  ray  cells  and  resin  ducts. 
Unlike  the  wood  destroying  fungi,  however,  it  causes  only  a  small 
reduction  in  strength. 

Decay  in  round  products 

About  60  percent  of  the  strength  at  the  midpoint  of  a  telephone 
pole  depends  upon  the  outer  inch  of  wood  in  its  cross  section.  Hence, 
any  fungus  growth  at  all  in  the  outer  fibers  of  a  pole  may  be  ex- 
pected to  reduce  its  strength.    Of  course,  most  poles  are  treated 
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against  decay,  and  a  recent  discovery  indicates  that  certain  fungi 
actually  improve  the  absorption  of  preservative  without  causing  any 
loss  in  strength  (Lindgren  1952). 

In  studying  four  decay-producing  fungi,  Richards  (1950)  found 
that  neither  position  within  the  sapwood  of  a  log  nor  its  original 
density  had  any  consistent  effect  on  the  decay  resistance  of  loblolly 
pine. 

Loblolly  pine  pulpwood  stored  in  the  forest  deteriorates  in  both 
summer  and  winter.  Decay  and  stain  are  greater  in  peeled  than  in 
rough  wood  stored  2  months  in  summer  or  4  to  5  months  in  winter, 
but  for  longer  periods  peeling  is  advantageous  (Lindgren  1953). 
For  rough  bolts,  specific  gravity  is  reduced  about  7  percent  after  4 
months  of  storage  in  late  spring  and  summer,  as  compared  to  2  per- 
cent for  late  fall  and  winter  storage.  After  9  to  12  months  the 
losses  range  from  10  to  15  percent  (Lindgren  1951).  Storage  losses 
can  be  reduced  in  rough  wood  by  using  large  bolts,  spraying  freshly 
cut  wood  with  4  percent  aqueous  solution  of  sodium  fluoride  or 
ammonium  bifluoride,  or  by  storing  in  large  tight  piles  or  under 
water.  Losses  in  peeled  wood  are  reduced  by  storing  in  open  piles, 
splitting  large  bolts,  and  by  dipping  bolts  in  one  of  the  chemical 
solutions.  Research  indicates  that  current  deterioration  in  round 
southern  pine  pulpwood  (as  in  certain  western  conifers)  can  be  re- 
duced by  storing  the  wood  in  the  form  of  chips  in  large  out-door 
piles.  A  high  moisture  content  of  the  chips  apparently  favors  suc- 
cess with  this  method,  but  the  length  of  satisfactorily  storing  lob- 
lolly pine  chips  in  this  manner  has  not  been  determined. 

Significant  early  decay  in  pine  poles  and  posts,  as  well  as  pulp- 
wood, seems  to  be  caused  mostly  by  one  fungus,  PenipJiora  gigantea, 
which  can  be  detected  in  sapwood  by  a  simple  color  test  (Lindgren 
1955).  A  small  amount  of  a  water  solution  of  Alizarine  Red  S  is 
sprayed  on  freshly  exposed  end-grain  surfaces.  Infected  wood  turns 
yellow,  while  the  uninfected  turns  pink  to  red.  Fortunately  the 
presence  of  the  minor  staining  or  molding  fungi,  which  also  turn 
red,  do  not  interfere  with  the  test.  The  indicator  should  be  useful 
in  the  rejection  of  material  not  worthy  of  preservative  treatment. 
After  6  month's  storage  more  destructive  fungi,  like  Lenzites  sae- 
piaria,  become  common  (Lindgren  1951). 

Log  and  tree  grades 

Until  about  1915  the  timber  industry  judged  quality  in  its  ma- 
terials by  ocular  inspection  without  benefit  of  any  recognized  stand- 
ards.   Even  then,  however,  the  superiority  of  large  butt  logs  over 
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the  upper  logs  and  of  large  trees  over  the  smaller  ones  was  con- 
spicuous. This  was  well  shown  for  loblolly  pine  by  a  mill-scale 
study  using  the  lumber  grades  of  the  North  Carolina  Pine  Associa- 
tion fSterrett  1914). 

During  the  next  30  years  the  standard  lumber  grades  of  the 
Southern  Pine  Association  achieved  South-wide  recognition.  It  re- 
mained for  the  Forest  Service,  studying  the  financial  aspects  of 
forestry  at  Crossett.  Ark.,  to  test  the  application  of  the  first  tenta- 
tive grades  for  logs.  This  work  quickly  confirmed  the  early  study 
by  Ashe  ( 1929b)  showing  that  in  small  sizes  both  trees  and  logs 
cost  more  and  are  worth  less  at  a  sawmill  'fig.  113). 

Subsequently  a  number  of  grade-yield  studies  were  made  by  the 
Southern  Pine  Association  and  Forest  Service  researchers,  using  the 
Crossett  log  grades,  modifications  thereof,  or  other  systems.  Each 
local  application  of  a  system  achieved  good  stratification  of  the 
values  in  study  logs  of  various  sizes  and  species  of  pine  found  in 
that  specific  situation. 

The  so-called  U.  S.  Forest  Service  •'interim  grades"  see  ap- 
pendix >.  resulting  from  these  early  studies,  are  the  best  available 
so  far.  They  are  still  subject  to  revision,  but  certain  facts  indicate 
progress.  These  grades  are  simple  to  apply  with  a  choice  of  view- 
ing logs  from  2.  3.  or  4  sides.  They  do  segregate  value  classes  with- 
in a  local  area,  regardless  of  pine  species,  though  they  cannot  yet 
serve  as  a  basis  for  value  appraisals  without  local  grade-yield  data. 
The  discrepancies  may  stem  from  differences  between  mills,  sawyers, 
grades,  or  markets.  To  correct  this  deficiency  further  area-coordinated 
research  on  log  quality  is  in  progress.  The  results  from  grading  logs 
from  widely  separate  localities  by  a  given  set  of  rules  must  be  com- 
pared at  a  single  manufacturing  plant  using  the  grade  yields  obtained 
under  uniform  conversion  to  lumber  and  grading  of  values.  To  be 
widely  useful  in  value  appraisals  the  chosen  system  of  grading  must 
pass  such  tests. 

The  prime  need  now  is  for  wide  acceptance  of  a  sinsie  system  of 
grading  logs.  The  second  need  is  to  translate  the  accepted  log  grades 
into  tree  grades  to  permit  more  precise  evaluation  of  merchantable 
timber.  The  third  need  is  to  combine  this  with  a  workable  method 
of  classifying  silvical  quality  in  standing  pines  of  all  sizes  and  aees. 
Such  a  classification  will  involve  recognition  of  intrinsic  differences 
in  the  current  or  potential  vigor  of  individual  pines.  Fulfillment  of 
this  third  need  will  implement  the  judgment  of  timber  cruisers 
and  foresters  in  selecting  trees  to  cut  or  leave  so  as  to  continue  to 
build  up  the  quality  of  growing  stocks.    Quality  classes  that  will  em- 
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FlGUBE  113. — Cost  of  logging  loblolly  pine  trees  of  different  sizes  and  the  value 
of  lumber  from  logs  of  different  sizes,  based  on  early  Crossett  log  grades: 
Ay  Costs  per  M  board  feet  or  per  100  cubic  feet;  B,  values  or  cost  per  M 
feet  mill  tally  in  1935  (Reynolds,  Bond,  and  Kirkland  1944). 
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hie  114.— Lumber  grade  yields  from  124  loblolly  pines  in  Mississippi:  A, 
Logs  of  all  sizes  in  each  of  four  " interim"  log  grades,  and  B,  ungraded 
logs  from  trees  of  all  diameters  (from  unpublished  data,  Southeastern  For- 
est Experiment  Station). 


brace  growing-stock  values,  as  well  as  market  values,  for  loblolly  pine 
trees  eventually  will  make  forest  valuation  more  realistic  in  terms 
of  future  growth  potential. 

Part  of  the  increase  in  value  of  logs  with  increase  in  their  diam- 
eter is  due  to  an  increase  in  the  width  of  boards  sawed  from  the 
larger  logs  and  trees,  and  from  the  higher  lumber  grades  recovered. 
Grades  of  lumber  obtainable  from  four  grades  of  logs  and  from  un- 
graded trees  of  different  sizes  are  given  in  fig.  114.  wherein  lines 
show  the  percentage  of  sample  in  and  above  the  indicated  grade, 
while  shaded  areas  cover  grades  of  approximately  equal  sales  value. 
Note  that  for  ungraded  timber  (fig.  114.  B)  11-inch  trees  contain 
1  percent  of  B  and  Better  lumber.,  whereas  20-inch  trees  contain  5 
percent.  Grade  II  logs  contain  10  percent.,  and  grade  I  logs  nearly 
20  percent  of  such  lumber  (fig.  114,  A). 
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For  log's  the  commercial  value  shifts  constantly  with,  changes  in 
market  prices  and  dollar  values.  Some  of  the  difficulty  in  following 
these  shifts  is  removed  by  using  a  technical  device  called  "quality 
index."  The  index  is  based  on  the  observation  that,  throughout  the 
fluctuations,  the  various  grade  prices  of  lumber  maintain  a  rather 
constant  proportion  of  the  current  price  for  standard  length,  kiln- 
dried.  1-  by  S-inch  S4S  boards  classed  as  No.  2  Common  lumber. 
The  marginal  cost  of  production  has  tended  to  fluctuate  about  this 
price.  The  index  for  such  lumber,  and  other  grades  of  equal  value, 
is  shown  as  100  percent  in  table  64.  Note  that  5-  and  10-inch  boards 
of  grade  C  are  worth  twice  as  much,,  and  12-inch  "B  and  Better 
boards"'  three  times  as  much  as  No.  2  Common  boards  of  the  same 
size. 

Table  64. — Quality  indices  for  loblolly  or  slwrtleaf  yellow  pine  lumber  based 
on  grade,  icidth.  and  thickness 


Xominal  width   inches j 

Xominal  thickness  Grade  

(inches)  4  6  8        5  and  10  12 

1  B  and  B  220  220  220  235  310 
C  180  ISO  ISO  200  245 
#1  Com.  155  155  155  165  200 
#2  Com.  S5  100  100  100  115 
±j=3  Com.  60  SO  S5  85  S5 
#4  Com.  45  45  45  45  45 

5  4  6  4,  7  4   B  and  B  240         240         240         280  340 

Other  Q)  (*)  0)  O  C1) 

2  .  B  and  B  265         260         260         2S0  340 

r^lD  110  100  105  115  130 

4+:2D  100  90  95  100  110 

±=3D  65  65  65  65  65 

3  or  more    #1  Tbr.  105  105  105  125  135 

#2  Tbr.  90  90  90  100  120 

Basis-  8-  to  20-ft.  lengths  for  timber,  16-ft.  length  for  dimension,  standard  lengths  for  others.  "Rough  green"  for 
timber-  kiln  dried  and  S4S  for  other  No.  2  or  better  material,  air  dried  and  S4S  for  other  material.  Index  base  is  No,  2 
Common  1"  s  8"  board  price,  equivalent  to  100  in  the  above  table.  Lumber  grades  are  those  of  the  Southern  Pine 
Inspection  Bureau  of  the  Southern  Pine  Association,  New  Orleans,  La. 

1  Indices  same  as  for  corresponding  width  and  grade  of  1-inch  material 

Where  local  grade  yields  are  being  studied,  quality  indices  for 
lumber  in  this  table  may  be  used  to  appraise  relative  log  values.  A 
prerequisite  is  sawmill  data,  or  estimates,  to  show  the  number  of 
board  feet  in  each  grade.  A  weighted  average  index  is  then  com- 
puted as  in  the  following  example  for  a  16-foot  log  10.1  inches  in 
scaling  diameter : 
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Thick  ne-ss 
Lumber  grade       and  width 
( inches ) 
C   1x4 

1  Com   1x6 

2  Com   1x4 

3  Com   1x4 


Lumber 

Quality 

\\  lighted 

content 

of  lumber 

indices 

fbd.  ft.) 

(index) 

5.3 

180 

954 

24.0 

155 

3,720 

5.3 

155 

822 

10.7 

85 

910 

45.3 

6.406 

Quality  index  for  log  = 


6;406 
45.3 


141 


Au  evaluation  of  this  kind,  applied  to  the  interim  southern  pine 
log  grades  during  tests  in  South  Carolina  and  Georgia,  resulted  in 
log  quality  indices  as  shown  in  table  65.  It  indicates  that,  in  the 
Atlantic  Coastal  Plain,  1,000  board  feet  sawed  from  11-inch  grade 
4  logs  is  worth  only  6  percent  more  than  the  current  price  of  Xo.  2C 
8-inch  boards,  whereas  1,000  board  feet  cut  from  20-inch  grade  2 
logs  is  worth  twice  as  much— i.e..  212  percent  of  Xo.  2C  lumber. 

Table  65.— Average  log  quality  indices  by  log  grade  and  diameter  for  short- 
teat  and  loblolly  pine,  on  a  mill  tally  basis1 


Log  d.i.b. 
(inches) 


Index  for  Atlantic  Coastal  Plain 
near  Charleston,  S.  C,  when 
log  grade  is — 

1  2  3  A 


Index  for  southern  Piedmont 
near  Macon.  Ga.,  when  log 
grade  is — 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


230 
236 
242 
249 
255 
262 


160 
165 
170 
176 
181 
186 
192 
197 
202 
207 
212 
218 
223 

190 


125 
128 
130 
132 
135 
138 
140 
142 
145 
147 
1.50 
152 
1.54 
156 
159 


98 
100 
102 
103 
104 
106 
107 
108 
110 
111 
112 
114 
115 
116 
117 


179 
184 
189 
194 
200 
205 
210 


3 

134 
136 
139 
141 
143 
146 
148 
151 
153 
156 
158 


113 
115 
116 
118 
119 
120 
122 
123 
125 
126 
127 


146 


io; 


189 


146  118 


!  Common,  standard  length,  1  x  8,  kiln-dried,  SiS  boards  has  an  index 


Average   244 

1  In  these  indices  the  f.o.b.  car  price  of  Xo 
value  of  100  <  McClay  1954b;. 

Any  classification  of  sawtimber  trees  by  quality  may  utilize  log 
grades,  and  possibly  will  hinge  on  the  grade  of  the  butt  log,  for  it 
presents  the  maximum  volume,  value,  and  variation  in  quality. 
Tentative  tree  classes  developed  at  the  Santee  and  Hitchiti  Experi- 
mental Forests  from  the  interim  system  of  log  grades  are  as  follows : 
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Designation 

Butt  log  No.  1  and  second  log  No.  2  or  better   1-2 

Butt  log  No.  1  and  second  log  No.  3   1-3 

Butt  log  No.  2   2 

Butt  log  No.  3   3 

Current  studies  indicate  another  possibility.  It  may  be  that 
trees  can  be  classified  as  to  economic  value  on  the  basis  of  character- 
istics visible  on  the  lower  20  feet  of  the  bole,  or  on  some  specified 
proportion  of  the  merchantable  height.  Ultimately,  of  course,  such 
a  classification  must  also  be  integrated  with  silvical  vigor  classes  of 
trees,  so  that  cruisers  can  appraise  the  potential  as  well  as  the 
present  economic  value  of  timber. 

In  an  effort  to  apply  log  grades  in  estimating  the  quality  of  saw- 
log  trees  McClay  and  Pawek  (1955)  observed  the  following  variation 
in  quality  index: 


Tree  quality  No.  by  Associated  range  in 

grade  of  butt  log          Range  of  d.b.h.  tree  quality  index 
(inches) 

1                                       20-30  149-166 

2                                       12-24  116-142 

3  or  4                                  10-24  108-125 


SEASONING 

Loblolly  pine,  like  all  wood  products,  must  be  seasoned  before  it 
is  completely  suitable  for  most  uses.146  In  living  trees  its  moisture 
averages  110  percent  in  the  sapwood  and  33  percent  in  the  heart- 
wood  (U.S.F.S.  1955).  Seasoning  is  needed  for  four  main  reasons: 
(1)  To  prevent  infection  by  mold  and  fungi  that  attack  wood  only 
when  it  contains  more  than  20  percent  moisture,  (2)  to  reduce  weight 
for  shipping,  (3)  to  stabilize  shrinkage  within  the  range  of  moisture 
contents  expected  in  service,  and  (4)  to  increase  strength  to  meet 
the  needs  of  the  final  product.  In  addition  to  these  major  reasons, 
seasoning  improves  machining,  gluing  and  finishing,  electrical,  and 
insulation  properties. 

Moisture  in  poles  and  posts  should  be  reduced  to  20  or  30  per- 
cent to  condition  them  for  preservative  treatment.  To  obtain  air 
circulation  and  rapid  drying,  round  products  should  be  debarked 
and  piled  crib  fashion. 

Where  product  investments  are  large,  such  as  with  telephone 

146  The  moisture  content  of  wood  in  trees  varies  from  30  to  300  percent  of 
its  dry  weight.  It  is  not  higher  in  summer  than  in  winter  (U.S.  Forest  Serv. 
Forest  Prod.  Lab.  Tech.  Note  F-15,  1953).  For  use  as  construction  lumber,  this 
moisture  must  be  reduced  to  12-15  percent,  for  furniture  and  interior  trim  to 
7-9  percent,  for  flooring  to  5-7  percent,  and  for  veneer  to  3-4  percent  before 
gluing. 
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Figure  115.— Air  drying  of  inch-thick  loblolly  pine  lumber  from  green  condition 
to  18  percent  moisture  content  takes  four  times  as  long  in  the  absence  of 
forced  draft  ventilation:  A,  Average  rate  in  four  predrying  runs  under 
high  air  circulation;  B,  average  for  four  methods  of  piling  in  twenty  tests 
of  open-air  drying  without  fans  (Page  1958). 

poles,  recent  developments  have  shown  the  advantages  of  forced 
drying  such  as  kiln  drying,  controlled  air  seasoning  (Vaughan  1954), 
and  vapor  drying  (Hudson  1947). 

Air  seasoning  sawed  products 

The  bulk  of  loblolly  pine  lumber  and  timber  is  air  seasoned.  Con- 
ventional methods  of  piling  loblolly  pine  for  air  seasoning  are  (1) 
handpiled,  flat  stacks  with  slope  and  pitch,  (2)  end-piled  lumber 
piled  against  inverted  V-frames,  (3)  crib-piled  lumber  crisscrossed 
in  triangular  or  rectangular  fashion,  (4)  end-racked  lumber  X-piled 
on  a  long  A-frame,  and  (5)  package-piled  lumber  in  flat,  level  tiers 
of  packages  handled  by  mechanized  equipment. 

Air  seasoning  requires  from  3  weeks  to  a  year  or  more,  depend- 
ing on  thickness,  species,  weather  conditions,  and  piling  methods. 
Under  optimum  summer  weather  conditions,  it  was  found  that  1- 
inch  pine  dried  in  3  to  5  weeks  in  Georgia.  In  subsequent  studies, 
Page  (1958)  determined  the  rate  of  air  drying  under  summer  con- 
ditions in  Georgia  by  four  piling  methods  and  the  rate  of  predrying 
under  high  air  circulation  (fig.  115). 

Excessive  degrade  in  seasoning  loblolly  pine  is  frequently  en- 
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countered.  Bluestain  is  most  severe,  accounting  for  73  percent  of 
the  total  degrade  loss.  This  is  followed  by  warp,  11  percent;  surface 
and  end  checks,  4  percent ;  and  miscellaneous,  12  percent  (Page  and 
Carter  1958).  It  was  also  found  that  high  moisture  contents  per- 
sisted in  all  piling  methods  where  green  boards  were  lapped  without 
stickers.  Recommended  practices  for  air  seasoning  green  lumber 
include  the  following:  (1)  An  antistain  chemical  dip,  (2)  good 
foundations  to  keep  lumber  at  least  12  to  18  inches  above  ground, 
(3)  well-aligned  dry  stickers,  (4)  bolsters  aligned  with  stickers, 
(5)  stickers  at  end  of  lumber  which  should  be  box-piled,  (6)  roofs 
on  all  piles  with  space  of  6  to  12  inches  between  top  of  lumber  pile 
and  roof,  (6)  adequate  space  between  and  behind  piles,  (7)  good 
yard  sanitation  with  elimination  of  weeds,  and  (8)  unobstructed 
yards  open  to  prevailing  winds. 

Predrying  lumber  is  a  recently  developed  method  of  speeding  the 
drying  process  by  creating  air  circulation  in  a  closed  shed  with  fans, 
usually  in  the  absence  of  additional  heat.  Unpublished  research  by 
Page  and  Gaby  shows  that  pine  can  usually  be  predried  to  18  percent 
in  6  days  (fig.  115),  with  elimination  of  most  of  the  degrade  occur- 
ring in  air  seasoning. 

Kiln  drying 

When  loblolly  pine  with  a  moisture  content  below  15  percent  is 
required,  it  is  placed  in  a  dry  kiln  having  controlled  temperature, 
air  circulation,  and  relative  humidity,  and  dried  the  required  amount. 
Also,  considerable  pine  is  dried  in  a  kiln  from  the  green  condition 
to  18  percent  moisture  content  for  shipping,  thus  saving  time  and 
yard  inventory,  and  reducing  stain  and  other  air-seasoning  degrade. 
Lumber,  however,  should  not  be  considered  kiln  dried  in  the  usual 
sense  of  the  term  unless  the  moisture  content  is  below  12  percent. 

There  are  numerous  types  of  dry  kilns  in  use  varying  from  not 
much  more  than  hot  boxes  with  natural  draft  to  elaborate  150-foot 
kilns  with  controlled  air  circulation,  temperature,  and  relative  hu- 
midities. Most  of  the  kilns  used  for  drying  southern  pine  are  op- 
erated on  a  progressive  basis,  with  lumber  loads  entering  the  kiln 
daily  and  an  approximately  equal  quantity  being  removed  each  day, 
the  drying  progressing  as  the  lumber  is  moved  through  the  kiln  in 
a  3-  to  5-day  schedule.  In  these  kilns  the  temperature  varies  from 
130°F.  to  150°  at  the  green  end  to  160°  to  200°  at  the  dry  end. 

In  compartment  kilns,  the  kiln  is  fully  loaded  with  lumber  at 
one  time,  and  the  temperature  is  increased  and  relative  humidity 
lowered  as  the  lumber  dries.    Newer  kilns  of  this  type  in  the  south- 
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ern  pine  area  are  usually  package  loaded.  Kiln  doors  are  sufficiently 
large  to  permit  a  fork-lift  truck  to  load  and  unload  the  kiln  with 
package  lumber,  thus  dispensing  with  tracks  and  kiln  trucks,  and 
often  eliminating  double  handling  of  the  lumber.  With  experience, 
the  kiln  can  be  operated  on  a  time  schedule,  but  the  safest  method 
is  to  base  the  operation  on  the  moisture  content  of  the  lumber  as 
determined  from  sample  boards.  Using  the  latter  method,  the  sched- 
ule recommended  by  the  Forest  Products  Laboratory  (Rpt.  D1791. 
1957)  for  all  species  of  southern  pine  up  to  2  inches  thick  is  as 
follows : 


Moisture  content  Dry  bulb  Wet  bulb  moisture 

of  lumber  temperature  temperature  content 

(percent)  (degrees  F.)  (degrees  F.)  (percent) 

Green  to  35   180  170  11  1 

35  to  30   180  166  9*4 

30  to  25   190  170  7  4 

25  to  20   190  155  4  9 

20  to  final   200  150  3  3 


A  major  manufacturer  of  kiln-drying  equipment  (Moore  Dry 
Kiln  Company— Instructions,  Bulletin  0638)  recommends  the  fol- 
lowing time  schedule  for  all  common  grades  of  southern  pine  up 
to  2  inches  thick  dried  in  compartment  type  kilns: 


E  QUl/lzhviUTfl 

Hours  in  kiln            Dry  bulb  Wet  bulb  moisture 

temperature  temperature  content 

(degrees  F.)  (degrees  F.)  (percent) 

1  to  24                             165  150  9  3 

25  to  48                              170  150  7  8 

49  to  final                            175  150  6  6 


Special  seasoning  processes 

Numerous  special  seasoning  methods  have  been  tried  on  southern 
pine  such  as  vapor  drying,  boiling  in  oil,  high-frequency  heating, 
infrared  heating,  and  solvent  seasoning.  Of  these,  vapor  drying 
(Hudson  1947)  has  been  very  successful  for  round  products,  but 
the  other  methods  have  had  limitations  of  cost  or  degrade  or  both 
that  prevented  their  widespread  use. 

Vapor  drying  is  accomplished  in  a  closed  cylinder  where  the  air 
has  been  removed  and  replaced  by  an  organic  vapor  at  a  temperature 
of  230°  to  350°F.  As  the  water  is  removed  from  the  wood,  it  com- 
bines with  the  liquified  organic  material  and  is  separated  as  the 
combination  leaves  the  cylinder.  The  organic  solvent  is  then  re- 
heated, vaporized,  and  recirculated  through  the  cylinder.  One-inch 
pine  can  be  dried  in  3  to  6  hours  by  this  method.    The  major  limita- 
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tions  of  this  method  are  the  expensive  equipment  required  and  the 
possible  reduction  in  strength  of  the  wood  caused  by  the  higher  tem- 
peratures. 

Storage  and  handling 

Loblolly  pine,  like  all  wood,  is  hygroscopic  and  will  thus  absorb 
water  in  a  moist  atmosphere.  Once  lumber  is  dried  to  a  specific 
moisture  content,  it  should  be  protected.  Air-dried  lumber  under 
cover  will  not  rise  to  more  than  16  to  18  percent  moisture  under 
most  U.  S.  conditions.  As  long  as  it  is  protected  from  rain  or  other 
sources  of  free  moisture,  it  can  be  dead-piled  (without  stickers)  for 
long  periods  of  time  without  danger  of  decay.  Certain  insects,  how- 
ever, will  attack  dry  lumber  but  can  be  controlled  by  soaking  the 
lumber  for  at  least  3  minutes  in  light  petroleum  oil  solutions  of  5 
percent  pentachlorophenol  or  1  percent  lindane. 

Kiln-dried  lumber  should  be  stored  where  the  temperature  and 
relative  humidity  will  keep  it  at  its  low  moisture  content.  A  sim- 
ple method  is  to  store  the  lumber  in  a  closed  room  where  the  inside 
temperature  remains  10  to  15  degrees  above  outside  temperature 
at  all  times.  This  will  maintain  a  wood  moisture  content  of  about 
8  percent. 

In  cases  where  southern  pine  logs,  pulpwood.  or  other  items  need 
to  be  kept  in  a  green  condition  without  deterioration,  they  can  be 
stored  under  water  indefinitely  or  in  a  cold  room  where  the  tem- 
perature is  maintained  below  40°F.  For  logs  chemical  sprays  are 
helpful  (see  section  on  " Stain  and  decay  in  wood  products"  in 
chapter  3.  Protection ). 

PRESERVATION 

Choice  of  treatment 

The  preservatives  for  wood  that  are  effective  on  loblolly  pine 
fall  into  two  general  categories,  those  that  are  oil  soluble  and  those 
that  are  water  soluble.  The  oil-soluble  preservatives  include  creosote, 
pentachlorophenol,  and  some  of  the  copper  compounds.  The  water- 
borne  preservatives  include  a  variety  of  toxic  salts,  such  as  chro- 
mated  zinc  chloride,  copperized  chromated  zinc  chloride,  Tanalith 
(Wolman  Salts),  acid  copper  chromate  (Celcure),  zinc  meta  arsenite, 
ammoniacal  copper  arsenite  (Chemonite),  chromated  zinc  arsenate 
(Boliden  salt),  and  chromated  copper  arsenate  (Greensalt  or 
Erdalith),  and  " double  diffusion"  of  copper  sulphate  followed  by 
sodium  arsenate. 
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Preservatives  are  applied  to  loblolly  pine  wood  by  several  meth- 
ods, one  of  the  most  common  being  treatment  by  pressure  in  a  closed 
cylinder.  Preservatives  also  may  be  put  into  the  wood  by  cold  soaking, 
hot-  and  cold-bath  treatments,  brushing,  dipping,  and  spraying.  Any 
of  the  preservatives  can  be  applied  by  any  of  the  methods  mentioned. 

Generally  it  can  be  stated  that  the  effectiveness  of  anv  wood 
preservative  is  directly  related  to  the  depth  of  penetration  and  the 
amount  of  absorption,  i.e.,  the  total  retention  of  preservative  per 
cubic  foot  of  wood.  In  addition  to  the  penetration  and  absorption 
of  preservative,  the  service  life  may  depend  also  on  the  ability  of  the 
chemical  to  withstand  leaching  from  the  wood  during  wet  weather 
or  periods  of  high  humidity.  The  oil-borne  preservatives  generally 
resist  leaching  much  better  than  the  water-borne  salts. 

Thus  the  choice  of  a  preservative  for  loblolly  pine  and  the  meth- 
od adopted  may  not  be  so  important  as  the  effectiveness  of  the 
particular  treatment  used  in  obtaining  penetration  and  retention 
and  the  exposure  to  which  the  wood  subsequently  will  be  subjected.' 
When  wood  is  to  be  used  in  contact  with  the  soil  or  constantly  sub- 
jected to  wetting,  deep  penetration  and  a  high  degree  of  retention 
of  a  nonleachable  chemical  are  essential,  and  this  points  to  pressure 
treatment  with  one  of  the  oil-soluble  preservatives.  There  are  uses 
however,  where  most  of  the  hazards  can  be  removed  by  the  design  of 
the  structure  and  by  keeping  wood  relatively  dry  and  awav  from 
contact  with  the  soil  or  water.  In  such  cases  lighter  treatments  or 
even  surface  treatments  give  worthwhile  protection.  Table  66  sug- 
gests treatments  by  exposure  classes  where  the  wood  will  be  in  con- 
tact with  the  ground  or  water. 

Creosoted  loblolly  pine  wood  is  resistant  to  attack  bv  termites 
to  a  degree  determined  by  the  penetration  and  retention  of  preserva- 
tive. Well-treated  wood  is  not  attacked,  but  may  be  bypassed  by 
termites.  Defense  against  these  insects  in  houses  involves  the  use 
of  soil  poison,  termite  shields,  good  drainage,  proper  clearance  be- 
tween the  ground  and  the  wood,  ventilated  crawl  space,  and  pro- 
vision for  at  least  annual  inspection  of  substructures.  Soil  poisons 
are  especially  needed  for  buildings  constructed  on  concrete  slabs. 

Pressure  treatments 

Production  of  treated  lumber  has  increased  eightfold  since  1930 
Some  173  wood  preserving  plants  in  the  lobloUv  pine  belt  between 
Virginia  and  Texas  treated  130  million  cubic  feet  of  wood  in  1954 
Nmety-five  percent  of  the  volume  of  this  wood  was  pressure  treated* 
8o  percent  with  creosote,  and  only  15  percent  with  the  newer  chem' 
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Table  66. — Minimum  retention  per  cubic  foot  of  creosote  and  oil-borne 
preservatives  necessary  to  preserve  wood  products  under  varying  ex- 
posures1 

Pentachloro-  Copper 
Creosote-      phenol  5%  naphthenate 
Creosote-     petroleum  oil  in  petroleum  (0.75%  Cu) 
Product  and           Coal  tar         coal  tar         solutions            oil         in  petroleum 
Exposure  creosote         solutions   oil 

Pounds         Pounds         Pounds         Pounds  Pounds 

Lumber  and  struc- 
tural timber  in  con- 
tact with — 
Fresh  water  or 

ground   10  10  12  10  10 

Saltwater   20  20  ..  •-  •• 

Posts  in  the  ground.  6  6  «  « 

Poles  in  the  ground.  8 

Ties  on  the  ground  8  8  9 

Piles  in — 

Coastal  water.  20  20 

Fresh  water  or  - 
ground   12  12  14 

i  The  various  water-borne  preservatives  may  also  be  injected  under  pressure  to  obtain  retentions  varying  from  one- 
third  to  SoSt  over  one  pound  of  dry  salt  per  cubic  foot  but  they  are  not  V^gffiX**  ties>  PlleS'  OT  any 
structure  exposed  to  marine  borers.  Basis:  Interim  Federal  Specification  TT-W-00571d(GSA-FSb). 

icals.  Pressure  treatments  (Hunt  and  Garratt  1938,  MacLean  1952) 
involve  the  use  of  closed  cylinders  and  high  pressures  to  inject 
preservative  into  wood.  Two  principal  processes  are  used  for  lob- 
lolly pine.  In  the  full  cell  process  a  preliminary  vacuum  is  first  ap- 
plied to  remove  air  from  the  wood;  the  preservative  is  then  added 
and  pressure  applied  to  force  it  in.  The  aim  of  this  treatment  is 
to  retain  as  much  of  the  preservative  as  possible.  In  the  empty  cell 
process,  the  object  is  to  inject  preservative  under  pressure  and  then 
force  part  of  it  out,  thus  obtaining  as  deep  a  penetration  as  possible 
with  minimum  amount  of  preservative.  This  may  be  accomplished 
by  introducing  the  preservative  under  atmospheric  conditions,  then 
injecting  it  under  pressure,  or  the  wood  is  first  placed  under  pres- 
sure and  kept  under  pressure  as  the  preservative  is  introduced. 
This  provides  a  cushion  of  compressed  air  in  the  wood  to  expel  ex- 
cess preservative  when  the  pressure  is  released. 

When  green  material  is  to  be  treated  it  is  customary  to  condi- 
tion loblolly  pine  wood  by  a  special  heat  treatment  at  240°  and  259°F. 
so  that  it  can  be  penetrated  with  the  preservative.  After  3  to  18 
hours  under  steam  pressure  of  20  pounds  per  square  inch,  a  vacuum 
is  applied  for  %  to  3  hours.  The  conditioning  treatment  generally 
removes  5  or  6  pounds  of  moisture  per  cubic  foot  and  also  heats  the 
wood  to  a  more  favorable  treating  temperature  (MacLean  1952). 
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The  sapwood  of  loblolly  pine  is  easily  treated,  but  the  heartwood 
is  moderately  difficult  to  penetrate.  Longitudinal  penetration  is  about 
20  times  the  radial  and  80  times  the  tangential  penetration.  An 
absorption  of  10  to  12  pounds  of  creosote  per  cubic  foot  extended 
the  service  life  of  loblolly  pine  ties  for  one  railroad  fivefold— from 
5.3  to  about  27  years.147 

Nonpressure  treatments 

A  number  of  nonpressure  treatments,  very  effective  for  certain 
uses,  are  becoming  more  widely  used  each  year.  For  instance,  the 
hot-and-cold-bath  process  and  the  vacuum  process  for  treating  fence 
posts  and  similar  materials  with  oil-borne  preservatives  often  re- 
sult in  retentions  and  penetrations  higher  than  those  under  pressure 
treatment;  this  may  even  be  a  disadvantage  because  too  much  pre- 
servative in  the  treated  wood  runs  the  cost  up  more  than  it  should. 
Southern  pine  posts  that  have  been  infected  by  Trichoderma  fre- 
quently take  up  excessive  preservative  even  in  cold  soaking.  Thus 
it  must  be  reemphasized  that  the  results  attained,  rather  than  the 
method  of  treatment,  is  of  utmost  importance. 

The  "double  diffusion"  process,  developed  by  the  Forest  Pro- 
ducts Laboratory,  involves  soaking  green  wood  in  a  solution  of 
cooper  sulphate  followed  by  a  second  soaking  in  sodium  arsenate 
The  reaction  of  these  chemicals  forms  an  insoluble  toxic  substance 
inside  the  wood  that  prevents  termite  and  decay  damage.  Tests  indi- 
cate that  fence  posts  preserved  by  this  process  should  last  at  least 
32  years. 

Many  of  the  water-borne  salts  are  applied  by  soaking  or  spray 
treatments  after  which  the  treated  material  is  piled  under  cover  and 
the  preservatives  allowed  to  diffuse  into  the  wood  These  treat 
ments  can  be  very  effective  for  loblolly  pine  if  properly  applied. 
Millwork,  sash,  siding,  and  similar  items  are  now  commonly  treated 
very  effectively  by  the  vacuum  method  and  by  simple  dip  treatments 
Water  repellents  which  break  capillary  attraction  and  thus  prevent 
rainwater  penetration  in  joists,  sash,  siding,  etc.,  have  recently  come 
into  vogue.  They  are  very  effective  in  preventing  decay  and  some 
types  of  paint  failure.  Water  repellents,  however,  are  relatively 
ineffective  in  preventing  the  movement  of  water  vapor.  Thus  swell- 
ing due  to  humidity  changes  is  only  partially  controlled  by  water 

soteTfoX^  -°  HU(!SOn ,(1952)  there  W  been  occasional  failures  in  creo- 
fungus  P  UG  t0  P°ria  radi™losa>  a  creosote-tolerant  decay 
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Pigure  116. — Nonpressure  absorption  of  preservative  in  cold  soaking  treat- 
ments with  low  viscosity  oil  solution  of  5  percent  pentaehlorophenol  at  about 
70°F.:  A,  Absorption  in  different  sections  of  posts  with  18  to  22  percent 
moisture  content;  B,  effect  of  depth  of  immersion  on  absorption  in  lumber 
(Burkman  and  Pera  1942). 

repellents  and  is  very  little  affected  by  even  the  more  penetrating 
treatments  of  water-borne  salts. 

In  the  so-called  nonpressure  treatments  the  forces  that  move  the 
preservative  into  loblolly  pine  wood  are  capillarity,  pins  mild  pres- 
sure from  the  head  of  liquid  above  the  immersed  wood.  In  tests  94- 
inch  boards  absorbed  1.9  to  7.0  pounds  of  preservative  varying  with 
depth  and  time  (fig.  116.  B).  Less  was  absorbed  by  thicker  lumber. 
Absorption  varied  from  1.0  to  4.7  pounds  for  2x6  plank  (Buckman 
and  Pera  1942). 

Untreated  loblolly  pine  fence  posts  often  fail  after  the  first  2  or 
3  years  (Blew  and  Kulp  1954).  Although  posts  treated  by  pressure 
with  creosote,  pentaehlorophenol.  and  other  oil-soluble  preservatives 
have  been  in  test  for  many  years  and  show  service  lives  of  25  years 
or  more,  most  of  the  nonpressure  treatments  and  some  of  the  newer 
preservatives  have  not  been  in  test  long  enough  to  determine  fully 
the  expected  service  life.  Southern  yellow  pine,  however,  should  last 
18  to  20  years  or  longer  on  the  average  when  treated  48  hours  by 
cold  soaking  (Blew  1956)  with  creosote  or  pentaehlorophenol  in  oil 
solutions.  Until  long-time  service  tests  have  been  made  for  many  of 
the  newer  preservatives  and  the  simpler  treating  methods  such  as 
dipping,  spraying,  and  painting  or  brushing,  it  is  unwise  to  predict 
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what  service  life  may  be  expected  even  though  it  may  be  materially 
longer  than  that  for  untreated  wood. 

Permeability  of  infected  wood 

Mold,  blue-stain,  and  decay  fungi  increase  the  permeability  of 
dry  loblolly  pine  wood  for  liquids,  both  water  and  oil  (Lindgren 
1952,  Lindgren  and  Seheffer  1939).  Infections,  however,  can  de- 
crease absorption  of  preservatives  by  favoring  a  high  moisture  con- 
tent. ^Yater  absorbed  by  posts  exposed  to  2  days  of  drizzling  rain 
averaged  28  to  30  pounds  per  cubic  foot  in  heavily  molded  wood 
and  only  7  to  8  pounds  in  bright  wood.  Increased  porosity  is  be- 
lieved to  be  due  to  partial  breakdown  of  ray  parenchyma  or  to  fungus 
penetration  holes  in  tracheid  walls  or  pits,  depending  on  the  type 
of  fungus  present.  A  common  mold  Trichoderma,  often  occurring 
naturally  with  blue  stain,  is  particularly  effective  in  increasing  pen- 
etration. Xonpressure  absorption  of  oil,  of  about  1  pound  in  fungus- 
free  pine  wood,  reached  8  or  9  pounds  per  cubic  foot  in  heavily 
molded  wood.  Side  penetration  of  posts  3  to  4  inches  in  diameter  is 
often  complete  in  molded  wood,  in  contrast  to  shallow  0.1 -inch  or  less 
penetration  in  bright  wood.  Heavily  molded  and  bright  wood  should 
not  be  treated  in  the  same  batch.  Small  to  moderate  amounts  of 
fungus  infection  normally  occurring  in  the  seasoning  of  posts  may 
explain  some  of  the  success  of  soak  treatments  of  fence  posts  (fig 
116,  A). 

Fireproofing  and  painting 

Test  treatments  with  inorganic  chemicals  indicate  that  there  are 
at  least  30  which  can  make  loblolly  pine  wood  less  combustible 
(Truax,  Harrison,  and  Baechler  1935).  Of  these  substances  seven- 
teen were  also  effective  against  wood-destroying  fungi.  It  is  pos- 
sible, therefore,  to  protect  wood  against  both  fire  and  decay  by  im- 
pregnation with  chemicals,  but  the  retention  of  preservative  required 
to  protect  against  fire  is  several  times  greater  than  that  required  to 
protect  against  decay.  Also  at  the  present  time  all  of  the  more  effec- 
tive fire-retardant  chemicals  are  water  soluble  and  will  leach  away 
in  rain  or  ground  water.  Much  more  research  is  needed  to  develop 
effective  water  insoluble  fire  retardants. 

Loblolly  pine  does  not  hold  paint  as  well  as  cedar,  cypress,  red- 
wood, or  white  pine.  Grade,  texture,  and  density  affect  retention 
of  paint.  Knots,  pitch  pockets,  and  other  defects  do  not  paint  well. 
In  clear  lumber  the  density  and  angle  of  cut  of  a  board  may  hasten 
paint  failure.    Wood  with  narrow   rings   and  much  springwood 


486 


LOBLOLLY  PIXE 


holds  paint  the  best.  Edge  grain  is  better  than  flat  grain.  Among 
the  flat-grained  boards,  those  surfaced  and  painted  on  the  bark  side 
do  better  than  those  painted  on  the  side  toward  the  pith.  The  paint 
lasts  longer  in  shade  than  in  sunlight  (Browne  1930.  1951).  Changes 
in  commercial  house  paints  in  recent  years  have  not  altered  the 
effects  exerted  by  the  wood  on  paint  behavior.  Some  recent  Nova- 
tions which  radically  modify  loblolly  pine  improve  its  paintability. 
For  example  hard  fiberboard  is  readily  painted,  as  are  also  lumber 
or  plywood  surfaced  with  resin-impregnated  paper.  Paper-faced 
southern  pine  has  already  withstood  outdoor  exposure  in  "Wisconsin 
for  more  than  5  years  without  need  of  repainting.  A  special  modi- 
fied wood  product  called  "impreg"  holds  paint  better  than  natural 
wood  of  similar  density  and  grain  structure. 

SUMMARY 

Lumber  and  pulpwood  are  the  principal  uses  for  loblolly  pine. 
Within  the  usual  limits,  an  increase  in  the  size  of  trees,  logs,  or  bolts 
harvested  or  manufactured  increases  profit  per  unit  of  volume  in 
the  product.  Profit  is  now  being  sacrificed  at  small  mills  cutting 
more  than  half  their  lumber  from  logs  less  than  10  inches  in  diameter. 
Pines  under  13  inches  should  be  left  standing  if  sound,  or.  if  defec- 
tive, should  go  to  a  pulpmill  rather  than  a  sawmill.  Advantage  of 
higher  prices  should  be  taken  for  all  trees  meeting  the  exacting 
specifications  for  poles  or  piling.  A  market  for  both  pine  and  hard- 
wood mine  timbers  offers  a  means  of  restoring  depleted  forests  near 
mines  in  Alabama.  The  various  residues  from  lumber  manufacture 
add  up  to  nearly  70  percent  of  the  forest  raw  material.  There  is 
still  no  economic  way  to  use  bark  other  than  for  fuel. 

Within-species  variation  in  the  character  of  southern  pine  wood 
is  more  important  to  understand  than  are  the  distinctions  between 
the  principal  species.  For  example,  an  abnormal  type  called  com- 
pression wood  is  inferior  both  in  strength  and  pulping  properties 
as  well  as  dimensional  stability.  Leaning  trees,  commonly  con- 
taining it  should  be  eliminated.  Density,  elasticity,  and  strength 
generally  decrease  upward  in  pine  trees.  A  density  rule  helps  in- 
spectors to  segregate  the  strong  wood  of  high  specific  gravity  needed 
for  some  purposes.  The  rule  works  because  the  summerwood  band 
in  a  ring  is  conspicuous  and  about  twice  as  heavy  as  the  springwood 
portion.  Formulas  are  given  to  compute  density  from  ocular  esti- 
mates of  summerwood.  and  others  to  approximate  different  strength 
values  from  the  density  determinations.  The  effect  of  growth  rate 
on  strength,  formerly  overestimated,  is  considered  minor.  Hence, 
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loblolly  pine  should  be  grown  at  the  fastest  rate  compatible  with 
satisfactory  pruning,  form,  and  knot  size.  Green  wood  is  weaker 
than  seasoned  wood.  Factors  for  correcting  strength  estimates  for 
changes  in  moisture  content  to  be  expected  in  service  locations  are 
given.  Grade  and  defect  in  structural  timbers  must  be  considered 
in  estimating  working  stresses. 

In  standing  second-growth  trees  heart  rot  seldom  exceeds  5  per- 
cent of  volume.  A  higher  percentage  of  the  5-foot  butt  section  may 
be  decayed  by  certain  fungi  that  enter  through  roots  or  fire  scars. 
Butt  rot  within  scarred  trees  increases  with  age  and  is  related  to  the 
square  of  wound  width.  Posts  or  poles  that  do  not  qualify  for 
preservative  treatment  because  of  decay  can  be  detected  with  a  chem- 
ical color  test.  The  so-called  interim  specifications  for  pine  log 
grades  now  being  developed  promise  a  useful  means  of  recognizing 
true  log  values  throughout  the  South.  Inasmuch  as  the  varying 
prices  of  lumber  maintain  a  rather  constant  proportion  of  the  cur- 
rent price  for  Xo.  2  Common  boards,  an  index  of  quality  based  on 
this  relationship  is  available  to  remove  much  of  the  former  difficulty 
in  appraising  log  values.  The  next  step  will  be  to  develop  tree 
classes  that  utilize  both  the  recognized  log  grades  and  the  varying 
capacity  of  trees  for  rapid  growth. 

Seasoning  loblolly  pine  wood  serves  to  reduce  fungus  attacks, 
stabilize  shrinkage,  and  increase  strength.  Certain  defects  may  be 
minimized  by  drying  lumber  to  the  degree  most  appropriate  to  its 
situation  in  use.  Time  can  be  saved  by  proper  predrying,  kiln- 
drying,  or  vapor  drying.  Choice  between  various  methods  of  pre- 
serving wood  should  likewise  be  based  on  the  varying  requirements 
in  different  service  conditions.  To  a  limited  extent  for  certain  uses 
the  new  chemical  preservative  treatments  are  beginning  to  compete 
with  creosote  injected  under  pressure— a  treatment  so  far  unexcelled 
in  imparting  long  service  life  to  pine  wood  in  contact  with  soil  or 
sea  water. 

Fiber  characteristics,  important  in  pulp  and  paper,  vary  with 
position  in  the  tree.  At  the  higher  levels  there  is  an  increase  in 
springwood  content,  a  decrease  in  density,  and  pulp  yields  that  are 
lower  on  a  volume  basis.  All  strength  properties  of  the  pulps,  ex- 
cepting tear  resistance,  improve  with  an  increase  in  springwood 
content.  The  thin-walled  springwood  fibers  collapse  and  flatten  out 
into  ribbons  upon  drying,  thus  providing  a  greater  surface  of  con- 
tact between  fibers.  Thus,  they  felt  and  bond  well  into  smooth  sheets. 
Loblolly  pine  can  be  pulped  by  each  of  the  three  main  processes: 
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sulphite,  sulphate,  and  mechanical.  The  mechanical  process,,  pro- 
ducing groundwood  pnlp  containing  most  of  the  wood  components 
yields  twice  as  much  pnlp  per  unit  of  wood  as  the  other  processes, 
but  serves  only  certain  purposes.  Yields  on  a  volume  basis  increase 
with  specific  gravity  of  the  wood.  By  the  sulphate  process,  the  in- 
crease is  roughly  1  pound  of  pulp  for  each  2-pound  increase  in 
weight  per  cubic  foot. 
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Table  6S. — Standard  dimensions  for  southern  pine  poles1 

MINIMUM  CIRCUMFERENCE  AT  6  FEET  FROM  BUTT 


Length  of  pole 

(feet) 


Ground 

line 
distance 
from  butt 

(feet) 


Class  of  creosoted  pole 
(minimum  top  circumference  in  inches) 


(15) 


210 

(IB) 


Inches    Itiches    Inches  Inches 


16   3* 

18   3| 

20   4 

22   4 

25   5 

30   5i 

35   6 

40   6 

45   64 

50   : 

55   7J 

60   8 

65   8*. 

70   9 

75   9* 

80   10 

85   10* 

90   11 


31.5 

33-0 
34.5 
37.5 


42.0 
44.0 


46.0 
47.5 
49.5 


51.0 


54.0 


29.5 


35.0 


41.5 

43.0 
44.5 
46.0 


51.5 
53.0 
54.0 


26  5 


29.0 
30.0 


35.0 
37.0 
38.5 

40.0 
41.5 
43.0 

44.5 
46.0 
47.0 


50  5 


24.5 
25. 5 


28.0 
30.0 

32.0 
34.0 
36.0 

37.5 
39.0 
40.0 

41.5 
42.5 
44.0 


Incites 
21.5 
22.5 
23.5 

24.5 
26.0 
28.0 

30.0 
31.5 
33.0 

34.5 


Inches 
19.5 
21.0 
2.0 

3.0 
4.0 
<3 . 0 


29.0 
30.5 


Incites 
18.0 
19.0 
20.0 

21.0 
22.0 
24.0 

25.5 
27.0 
2S.5 


(3) 
(3) 

(3) 
5 

3 
3 
3 

(3) 
s 


Inches  Inches 

16.0  13.0 

17.0  13.5 

17.5  14.0 

18.5  14.5 

19.5  15.0 
20.5 


MINIMUM  TOP  CIRCUMFERENCE  OF  STUBS"  FOR  REA  POLES 


Length                              Class  of  creosoted  pole 
Length  of  pole     of  stub   


(feet)  (feet)  1  2  3  4  5 


Inches  Inches  Inches  Inches-  Inches  Inches  Inches 

30                        10*        36.0  33.5  31.0  28.5  26.5  24.5  22.5 

35                        11          38.0  35.5  33.0  30.0  28.0  25.5  23.5 

40                        11*        40.0  37.5  35.0  32.0  29.5  27.0  25.0 

45                        12*        42.0  39.5  36.5  34.0  31.0  28.5  26.5 

50                        13          43.5  40.5  37.5  35.0  32.0  29.5  27.0 


1  Complete  copies  of  these  specifications  including  limiting  defects  are  available  from  the  American  Standards 
Association,  Inc..  70  E.  45th  St.,  Xew  York  17,  X.  Y. 

-  Firirts  ::t  p •:•]»«  ::.  mi;  class  ar.d  for  stubs  ar~  from  Rural  Electrification  Administration  specifications — electric 
Speft  Xo.  DT-5A),  telephone  (Spec.  No.  PE-9..  Except  as  noted  for  classes  9  and  10.  REA  uses  ASA  specifications 
for  their  poles. 

3  Xo  butt  requirement. 
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U.  S.  Forest  Service  interim  log  grades  for  southern  pine 


Definitions' 
Face 

Overgrown- 
knot 

Sound 
knot 

Unsound  - 
knot 

D 
K 


Sweep  — 
Bad  knot 


-Any  quarter  cylindrical  surface  running  full  length  of  log. 

■Any  limb  stub  buried  beneath  the  bark  surface,  indicated  by  a  distortion  in 

the  bark  pattern  or  bump  on  the  log  surface. 

Any  limb  or  limb  stub  which  shows  no  evidence  that  a  hole  or  wood  rot 
penetrates  deeper  into  the  log  than  two  radial  inches. 

Any  limb  or  limb  stub  which  shows  evidence  that  a  hole  or  wood  rot  pene- 
trates deeper  into  the  log  than  two  radial  inches. 
Average  diameter  of  log  inside  bark  at  small  end  to  nearest  whole  inch. 
Number  of  overgrown  knots  plus  sum  of  diameters  of  sound  exposed  knots 
plus  twice  sum  of  diameters  of  unsound  knots.  Diameters  are  measured  to 
nearest  whole  inch  at  the  point  where  the  limb  would  normally  be  trimmed. 
Greatest  deviation  in  whole  inches  of  log  axis  from  the  straight  line  con- 
necting centers  at  both  ends  of  log.  It  is  analagous  to  the  middle  ordinate  of 


-Any  knot  in  the  1-inch  class  or  larger  which  has  a  diameter  larger  than 

-—or  which  is  unsound. 
6 


Specifications 


When  grading  by- 


D  =  17  or  more  and  K  is  equal  to  or  less  than  '  D 


(and  greater  than  Grade  1  maxima) 
D  =  5  or  more  and  K  is  greater  than  Grade  2  maxima. 
Grade  3  degraded  for  any  cause  listed  below. 


4 

3 

2 

faces 

faces 

faces 

D 

*  D 

D 

5 

7 

10 

D 

D 

D 

2 

3 

4 

Grade  1: 

Grade  2: 

Grade  3: 
Grade  4: 

N.B.:    Degrade  any  log  one  grade  if  sweep  equals  or  exceeds  both  3  inches  and  D 

Degrade  any  log  one  grade  if  wood-rot  fruiting  bodv  or  punk  knot  pierces  bark 
surface. 

Degrade  any  Grade  3  log  to  Grade  4  if  it  is  impossible  to  encompass  all  bad  knots 
within  a  continuous  surface  area  no  longer  than  |  log  length  and  no  wider  than  1 
log  circumference.  4 
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Table  69. — Number  of  pulp  wood  bolts  per  tree  and  merchantable  volume 
inside  baric  to  a  4-inch  top  outside  bark  for  second-growth  loblolly  pine 
(MacKinney  and  Chaiken  1956 J1 

FIVE-FOOT  BOLTS 


Diameter  breast  high  Totai  height  of  tree  (feet) 

outside  bark   

(inches)  20       30       0       50       60       70       80       90  100 


No.     No.     ATo.  No.  No.  No.  Aro.  No.  No. 

6   2.0     2.9     3.9  4.6  5.6  6.6  7.5   

8                                   2.3     3.8     5.0  6.4  7.7  9.6  10.7  11.6  .... 

10                                             4.3     5.5  7.2  8.8  10.9  12.3  12.8  .... 

12                                             4.5     5.9  7.6  9.5  11.6  12.9  13.5  14.7 

14                                             4.5     6.1  7.7  9.8  11.9  13.3  14.0  15.3 

16                                                      6.2  7.8  9.9  12.0  13.5  14.4  15.6 

18   7.8  10.0  12.1  13.7  14.6  15.7 

20   7.9  10.1  12.2  13.8  14.7  15.7 


VOLUME 


Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft. 

6                                   0.7      1.3     2.1  3.0  3.8  4.5  5.4   

8  :                           1.6      3.0     4.3  5.7  7.1  8.5  9.9  11.4  .... 

10                                              4.9     7.0  9.1  11.3  13.5  15.7  18.0  .... 

12                                               7.3    10.4  13.3  16.4  19.5  22.7  25.9  29.2 

14                                             10.1    14.2  18.2  22.4  26.6  30.9  35.2  39.5 

16                                                      18.5  23.9  29.3  34.7  40.7  46.4  53.0 

18    30.2  36.9  44.3  52.2  59.4  66.7 

20    37.1  46.0  55.4  64.1  73.0  81.9 


1  Basis:  457  trees  from  32  stands  in  the  Coastal  Plains  of  the  Carolinas.  Volume  includes  peeled  stem  above  a  0.7-foot 
stump  to  a  top  diameter  outside  bark  of  4.0  inches.  These  tables,  issued  originally  in  1939,  were  revised  in  1946  and 
reprinted  in  1956.   The  above  condensation  is  from  tables  2  and  7  of  the  1956  version. 
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Table  70. — Pulpivood  volumes  available  as  a  byproduct  where  small  trees  of 
average  form  are  removed  in  timber  stand  improvement  and  tops  from 
sawtimber  trees  are  utilized  (bark  excluded) 

SMALL  TREES  USED  IN  THINNING — VOLUME1  PER  TREE 


Total  height  (feet) 


(inches)  30  40  50  60  70  80 


Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft.  Cu.ft. 

5                                1.1  1.5  1.8 

6                               1.8  2.4  3.1  4.0  5.3 

7                               2.7  3.4  4.5  5.8  7.4 

8                               3.6  4.6  6.2  7.8  9.9  11.6 

9                               4.6  6.0  7.8  10.1  12.6         15  2 


SAWTIMBER  TREES,  TOPS  ONLY,  USED  IN  SALVAGE  VOLUME  PER  TREE2 


Upper  limit 

( inside  bark) 

D.b.h.  classes  (inches) 

Saw  logs  Pulpwood 

10 

12 

u 

16 

18 

20 

Inches  Inches 

Cu.ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

Cu.  ft. 

6   4 

2.3 

1.6 

1.2 

6   5 

1.8 

1.1 

0.8 

8  4 

7.8 

5.8 

4.6 

8  5 

7.1 

5.2 

3.8 

2^9 

2.3 

2.1 

8  6 

2.2 

1.7 

1.6 

10   5 

8.1 

6.2 

5.0 

10   6 

7.3 

5.3 

4.3 

SAWTIMBER  TREES,  TOPS  ONLY,  USED  IN  SALVAGE— VOLUME  PER  M  BOARD  FEET 
(INTERNATIONAL  j-INCH  rule) 


6, 

8. 

8. 

8. 
10. 
10. 


34 


14 


27 

10 

4 

186 

60 

27 

169 

54 

23 

11 

7 

5 

9 

5 

4 

36 

19 

12 

33 

16 

11 

i  Volumes  per  tree  to  a  3-inch  top  for  pines  in  the  Tennessee  Valley  (Potts  1952,  Minor  1950).  Stand  volumes  based 
on  these  figures  may  be  converted  to  standard  cords  of  rough  stacked  wood  by  dividing  bv  65  for  plantations  or  70  for 
natural  stands  of  loblolly  pine. 

•  mU-  f'F0T^  Service  ,dsTta  (McClay  1954a)  for  Westvaco  and  Santee  Experimental  Forests,  South  Carolina  A 
similar  study  at  trossett,  Ark.,  showed  an  average  difference  of  only  0. 1  cubic  foot  per  treetop  utilized. 
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Table  71. — Volume  of  stacked  cordwood.  with  barky  for  loblolly  pines  of  dif- 
ferent heights1 


Cmis     Curd*     Cmd*     C«rS>  Cmdt 


10. 


.0715 


.. . .     -  --;f  -  _- 

.:->::  >_: 

0799     .0960  .113 

.127      .151  .177 


0.15?? 
.255 


0174 
.280 


12   

  -147  183 

.219  .258 

.290 

: 

14  

.252 

.300  .350 

.398 

23 

16  

-329 

.395  .454 

.520 

-589 

25 

IS   

.655 

.734 

.810 

.882 

9 

20   

.788 

.886 

.975 

1.07 

4 

22  

1.04 

1.15 

1.26 

1 

24   

.947 

I.« 

1.20 

1.33 

1.46 

1 

26 

1.08 

1  22 

1.36 

1.51 

1.66 

3 

ttm.       A*.       Mm.       A#.       A7*.       A7*.       A7«.       A7*.  A7*. 
5  47         67         60         51         44         50         15  6  345 
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Table  72. — Timber  volumes  for  use  ivith  aerial  photographs  (Minor  1953a J1 

CUBIC  FEET  (INSIDE  BARK) 


10. 
12. 
14. 
16. 
18. 
20. 
22. 
24. 
26. 
28. 
30. 


„  , .  ,  Total  visible  heiqht  ( feet ) 
Crown  diameter       —  ' 

(feet) 


50 

60 

70 

80 

90 

100 

110 

10.9 

13.0 

15.2 

17.4 

19.6 

13.3 

17.0 

18.5 

21.1 

24.1 

26.7 

16.3 

19.7 

22.7 

26.0 

29.3 

32.7 

36.0 

22.6 

26.2 

30.0 

33.8 

37.6 

41.5 

26.2 

30.5 

34.9 

39.5 

43.8 

48.1 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

34.5 

40.2 

46.0 

51.9 

57.6 

63.3 

45.7 

52.3 

58.9 

65.4 

72.0 

50.2 

57  A 

64.7 

71.9 

79.2 

55.9 

63.9 

72.0 

80.0 

88.0 

61.8 

70.6 

79.4 

88.2 

97.1 

BOARD  FEET  (INTERNATIONAL  ^-INCH  RULE) 


10   64  77 

12   80  103 

14   101  122 

16   144 

18   170 

20   198 

22   231 

24  

26  

28  

30  


90 

103 

115 

120 

128 

146 

161 

140 

161 

182 

203 

223 

166 

190 

215 

239 

263 

198 

227 

256 

285 

313 

231 

264 

297 

330 

363 

270 

308 

348 

386 

424 

311 

355 

400 

445 

490 

344 

394 

443 

493 

542 

3S6 

441 

497 

552 

607 

429 

491 

552 

613 

675 

1  For  rough  estimates  of  southern  pine  (other  than  longleaf)  in  all-aged  or  low  density  even-aged  saw-log  stands 
assuming  that  form  class  averages  80.  ' 
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Table  73. — International  y^-inch  board-foot  volumes  for  loblolly  pines  of 
different  heights1 


D.b.h. 

(inches) 


Total  height  (feet) 


 ■  Basis, 

110  trees 


40        50        60        70        80        90  100 
Bd.ft.  Bd.ft.  Bd.ft.  Bd.ft.  Bd.  ft.  Bd.  ft.  Bd.  ft.  Bd.  ft.  Number 


15    |  16 


19 


7  

....!  16 

18 

21 

25 

8  

18 

24 

29 

36 

9  

24 

31 

40 

49 

10  

40 

53 

65 

11  

69 

85 

12  

87 

108 

13  

107 

130 

14  

128 

156 

15  

151 

182 

32 


39 


45 
62 
83 

108 
135 
163 
193 
224 


55 
75 
100 

128 
160 
194 
229 
267 


63 


118 


150 


187 
228 
270 
313 


217 
261 
308 
355 


i,  trees. 


No. 
4 


No. 
30 


No. 
51 


No. 
49 


No. 
45 


No. 
50 


No. 
14 


No. 
6 


2 
35 
52 
30 
17 

21 
10 
16 
14 

9 


16  

205 

255 

306 

357 

404 

11 

17  

232 

290 

348 

404 

456 

14 

18  

260 

325 

391 

452 

510 

3 

19  

290 

362 

434 

502 

569 

6 

20  

320 

400 

480 

556 

627  | 

3 

21  

351 

440 

527 

611 

688 

1 

22  

384 

480 

576 

669 

750 

1 

23  

417 

522 

629 

727 

814 

24  

452 

567 

681 

786 

878 

1 

25  

486 

613 

733 

846 

945 

26  

521 

658 

787 

906 

1010 

1 

27  

559 

706 

843 

967 

1077 

2 

249 


1  Calculated  from  table  5  of  U.S.D.A.  Misc.  Pub.  50  (1929).  Blocks  indicate  extent  of  basic  data.  Stump  height 
1  foot;  logs  scaled  in  16-foot  lengths,  with  0.3  foot  trimming  allowance  and  additional  upper  sections  to  top  d.i.b.  of 
5  inches.  Average  deviation  of  individual  tree  volumes  from  tabular  values,  ±12.6  percent;  aggregate  difference, 
—0.9  percent. 
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Table  74. — Volumes  of  loblolly  pine  saw-log  trees  of  outside-bark  form 
class  86  (Buell  1942 J1 

GROSS  VOLUME  IN  BOARD  FEET  (INTERNATIONAL  j-INCH  RULE) 


Number  of  16.3-foot  logs 


( inches) 

; 

1\ 

2 

2\ 

3 

3% 

5 

Si 

6 

10 

21 

34 

44 

54 

63 

72 

12 

.  .  33 

52 

69 

84 

98 

111 

124 

136 

147 

14 

47 

76 

100 

122 

143 

161 

180 

197 

213 

230 

245 

16 

65 

105 

139 

169 

197 

223 

248 

272 

294 

317 

338 

359 

18 

139 

184 

224 

262 

296 

330 

362 

392 

421 

450 

478 

20 

180 

238 

290 

337 

383 

425 

466 

505 

542 

579 

615 

22 

299 

365 

425 

481 

535 

586 

635 

684 

730 

774 

24 

369 

450 

524 

594 

661 

724 

785 

843 

902 

957 

26 

546 

637 

721 

802 

879 

953 

1,023 

1,094 

1,161 

28 

653 

760 

863 

959 

1,052 

1,140 

1,225 

1,309 

1,387 

30 

900 

1,019 

1,132 

1,242 

1,346  |  1,445 

1,545 

1,641 

32 

1,191 

1,324 

1,452 

1,574 

1,690 

1,803 

1,914 

34 

1,377 

1,535 

1,679 

1,820 

1,959 

2,089 

2,218 

36 

1,585 

1,762 

1,928 

2,089 

2,249 

2,399 

2,547 

FACTORS  BY  WHICH  TO  MULTIPLY  VOLUMES  IN  ABOVE  TABLE  TO  OBTAIN  BOARD-FOOT  (iNT. 
|-INCh)  VOLUMES  FOR  OTHER  FORM  CLASSES2 

OUTSIDE-BARK  CLASSES 


Form  class  (units) 

Form  class   


(tens)  0123456789 

7   0.65      0.66      0.68      0.70      0.72      0.74      0.76      0.78      0.80  0.83 

8  85        .87        .90        .92        .95        .97       1.00       1.03       1.06  1.09 

9   1.12       1.15       1.18       1.21       1.24       1.28       1.31       1.35       1.39  1.43 


GIRARD  INSIDE-BARK  CLASSES 

7   1.03       1.07  1.11 

8   1.14       1.18       1.21       1.24  1.26   


1  To  a  variable  top  diameter  as  utilized.  Block  indicates  extent  of  basic  data  from  378  sample  trees  from  Piedmont 
and  northern  Coastal  Plain  counties  of  South  Carolina.  Average  deviation  ±5.4  percent,  and  aggregate  difference — 
estimated  values  0. 25  percent  low. 

2  According  to  Horn  (1956)  the  average  form  class  in  a  loblolly  pine  stand  is  within  ±2  of  the  average  ratio  of  d.i.b. 
at  7  feet  to  d.o.b.  at  2.25  feet.  Constants  to  use  in  a  formula  for  changing  the  volumes  in  o.b.  form-class  tables  like  the 
above  to  i.b.  form-class  tables  utilizing  3  different  log  rules  are  available  on  page  7  of  the  original  (Buell  1942)  publication . 
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Table  75. — Approximate  saw-log  volumes  contained  in  southern  pines  that 
will  yield  finished  poles  meeting  standard  specifications1 


Length 
f feet  J 


Pole  clasi 


Bd,  ft.  Bd.  ft.  Bd.  ft.  Bd.  ft. 

25    70  55 

30   125  105  85  70 

35   155  135  115  90 

40   205  175  150  130 

45   245  210  180  145 

50   280  240  205  170 

55   335  295  250 

60   385  325  280 

65   420  365 

70   495  425 

75   535 

80    570 


Bd.  ft. 
45 
55 
75 
100 
120 


Bd.  ft. 
35' 
45 


Bd.  ft. 
25 
35 


Bd.  ft. 


Bd.  ft. 

20 
25 


1  These  estimates,  by  E.  T.  Havres,  are  for  trees  of  Girard  form  class  SO.  D.b.h.  outside  bark  equals  1 . 136  times 
rough  pole  diameter  at  midpoint  of  class.  Taper  above  16  feet,  and  volumes  by  Scribner  scale,  are  from  tables  2  and  6 
of  U.S.  Forest  Service  pocket  manual  by  Mesavage  and  Girard  i!956j. 


Table  i6. — Weight  of  freshly  cut  loblolly  pine  pulpicood  (green  wood  with 
bark)  by  height  and  diameter  of  trees1 

Diameter  breast  high  By  total  heights  of  trees  (feet) 

outside  bark   

(inches)  30        Jfi        50        60        70        80        90  100 

Lbs.  Lbs. 

6                                  88  139 

7                                 141  212 

8                                 206  289 

9                                  271  377 

10   342  477 

11   588 

12   720 

13   847 

14   994 

15   1,153 

16   1,320 

17   1,503 

18  

19  

20  

21  


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

195 

242 

280 

329 

275 

338 

399 

459 

'  520 

375 

457 

536 

612 

691 

484 

588 

690 

791 

886 

608 

737 

863 

985 

1 , 103 

748 

905 

1,057 

1,201 

1,347 

1,485 

902 

1,087 

1,267 

1.441 

1,613 

1,781 

1.071 

1,286 

1,498 

1,706 

1,907 

2,096 

1.251 

1,502 

1.751 

1,990 

2.219 

2,440 

1,448 

1,740 

2,023 

2,292 

2,591 

2.849 

1,664 

1,997 

2,312 

2.655 

2,958 

3,310 

1,893 

2,264 

2,629 

3,009 

3.409 

3,750 

2.136 

2,550 

2,990 

3,449 

3,842 

4.220 

2,391 

2,892 
3 , 222 

3,361 

3,858 

4.296 

4.720 

2,662 

3,794 

4,297 

4,787 

5,259 

3!  537 

4.237 

4.732 

5 , 247 

5,795 

1  Based  on  volumes  by  MacKinney  and  Chaiken  1  reprinted  1956;  and  volume-weight  ratios  by  Barron  and  Osborn — 
courtesy  Union  Bag-Camp  Paper  Corporation,  Franklin.  Va. 
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Table  77. — Approximate  volume  inside  bark  and  weight  outside  bark  of 
green  loblolly  pine  pulpwood  by  tree  diameter  classes 


Dimensions  of  average  pine  tree 

]t  eight3 

per — 

Sit  n  nicer! 

volume^ 
occupied 

1  rees 
per 
unit5 

Volume 
per 
unit'3 

D.b.h. 

Height1 

Volume2 

Cu.ft. 

Tree 

Inches 

Feet 

Cu.  ft. 

Pounds 

Pounds 

J.    c  /  Ot>  ft  L 

\  n  Vrt  ri  p  r 
1\  UfftUtf 

iii.  jr. 

4 

30 

0.6 

66.4 

40 

58.0 

162 

97 

38 

1.2 

66.0 

79 

59.3 

83 

99 

6 

45 

2.5 

65.6 

164 

60.5 

41 

101 

51 

4.3 

65.3 

281 

61.7 

24 

103 

8 

56 

6.5 

64.9 

422 

62.7 

16 

105 

62 

9.4 

64.6 

607 

63.7 

11 

107 

10 

67 

12.8 

64.4 

824 

64.6 

8 

108 

71 

16.7 

64.3 

1074 

65.5 

7 

110 

12 

75 

21.1 

64.2 

1355 

66.2 

5 

111 

78 

26.1 

64.1 

1673 

66.8 

4 

112 

14 

82 

31.8 

64.0 

2035 

67.4 

4 

113 

1  Forest-grown  trees  (fig.  50,  A). 

2  Merchantable  to  4-inch  outside-bark  top  (table  69). 

3  Adapted  from  basic  data  in  a  detailed  study  by  foresters  X.  T.  Barron  and  R.  M.  Osborn,  Union  Bag-Camp  Cor- 
porationfranklin.  \  a  The  data  m  column  4  show  a  slight  decline  in  weight  per  cubic  foot  with  an  increase  in  size  of 
trees.  1  his  is  the  net  effect  of  opposite  trends  m  weight  associated  with  diameter  and  height.  For  a  given  height  class  of 
trees  density  increases  with  diameter,  but  for  a  given  diameter  class  the  density  decreases  with  height 

*  W  ood  with  bark  (MacKinney  and  Chaiken  1956,  fig.  63;. 

5  A  stack  5£  by  4  by  8  feet,  gross  volume  168  cubic  feet,  and  rough  green  weight  6,800  ±400  pounds. 

Table  78.— Stand   density   units  by   average   d.b.h.    (in  inches  and  tenths), 
for  computing  stand  density  index,  a  product  of  the  number  of  trees 
per  acre  and  one  of  the  following  units  (Beineke  1933 J1 


Decimal  part  of  diameter  (tenths  of  an  inch) 
Average  d.b.h.   


(inches)  0  18  3  4  5  6 


1  

0 

.025 

0.029 

0.033 

0.037 

0 

.042 

0.047 

0.052 

0.057 

0.063 

0.069 

2  

.075 

.082 

.089 

.096 

.103 

.110 

.117 

.124 

.131 

.138 

3  

.145 

.153 

.161 

.169 

.177 

.185 

.193 

.202 

.211 

.220 

4  

.229 

.239 

.249 

.259 

.269 

.279 

.289 

.299 

.309 

.319 

5  

.329 

.340 

.351 

.362 

.373 

.384 

.395 

.406 

.417 

.428 

6  

.440 

.452 

.464 

.476 

.488 

.500 

.512 

.525 

.538 

.551 

7  

.564 

.  577 

.590 

.603 

.616 

.629 

.643 

.657 

.671 

.685 

8  

.699 

.713 

.727 

.741 

.  755 

.769 

.784 

.799 

.814 

.829 

9  

.844 

.859 

.874 

.889 

.904 

.920 

.936 

.952 

.968 

.984 

10  

1 

.000 

1.016 

1.032 

1.048 

1 

.064 

1.080 

1.096 

1.113 

1.130 

1.147 

11  

1 

.164 

1.181 

1.198 

1.215 

1 

.232 

1.249 

1.267 

1.285 

1.303 

1.321 

12  

1 

.339 

1.357 

1.375 

1.393 

1 

.411 

1.429 

1.447 

1.466 

1.485 

1.504 

13  

1 

.523 

1.542 

1.561 

1.580 

1 

.599 

1.618 

1.637 

1.656 

1.675 

1.695 

14  

1 

.715 

1.735 

1. 755 

1.775 

1 

.795 

1.815 

1.835 

1.855 

1.875 

1.895 

15  

1 

.916 

1.937 

1.958 

1.979 

2 

.000 

2.021 

2.042 

2.063 

2.084 

2.105 

16  

2 

.126 

2.147 

2.168 

2.189 

2. 

.211 

2.233 

2.255 

2.277 

2.299 

2.321 

17  

  2 

.343 

2.365 

2.387 

2.409 

2. 

431 

2.453 

2.476 

2.499 

2.522 

2.545 

18  

2 

568 

2.591 

2.614 

2.637 

2. 

660 

2.683 

2.706 

2.730 

2.754 

2.777 

19  

2. 

801 

2.825 

2.849 

2.873 

2. 

897 

2.921 

2.946 

2.970 

2.994 

3.018 

20  

  3 

042 

3.066 

3.091 

3.115 

3 

.140 

3.165 

3.190 

3.215 

3.240 

3.265 

1  Include  all  trees  1.5  inches  d.b.h.  and  larger,  and  use  diameter  of  the  tree  of  average  basal  area. 
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LOBLOLLY  PINE 


LIST  OF  ECONOMIC  OR  POTENTIALLY  ECONOMIC 
INSECTS  ON  LOBLOLLY  PINE— TREES  OR  WOOD 

Compiled  by  the  Division  of  Forest  Insect  Research.  Southeastern 
Fores:  Experiment  Station,  17.  S.  Forest  Service.  July  1956. 
1.  Acanthocinus  nodosus  (F.)5  lesser  pine  borer. 

Common  borer  under  bark  of  dying  pines  and  green  logs. 
A.  obsoUins  is  associated.    Hasten  deterioration  of  trees  or 
logs. 

"2.  Anobiidae.  fnrnitore  and  death  watch  beetles. 

This  gronp  contains  a  number  of  species  of  powder-post 
beetles,  some  of  which  are  particularly  destructive  to  pine 
timbers  in  buildings. 

3.  Apkrophora  parallela  (Say),  pine  spittlebug. 

Attacks  twigs:  potentially  dangerous.    May  weaken  trees. 

4.  Asemmm  atrum  (Eseh.),  pine  borer. 

Borer  in  sapwood  of  dying  pines,  green  logs,  and  stumps. 
Damage  common  but  not  severe. 

5.  Atta  iexam  (BueHA  Texas  leaf -cutting  ant. 

Precludes  pine  regeneration,  natural  or  planted,  in  spots  up 
to  10  acres  in  size  around  their  large  colonies. 

6.  Bupresiis  apricam  Hbst..  turpentine  borer. 

Wood  borer  attacking  scarred  areas  on  living  trees. 
Most  important  in  fire-scarred  trees. 

7.  CaUidium  antennatum  (Newn.  ).  black-horned  pine  borer. 

Bores  in  phloem  of  dead  trees :  sometimes  in  lumber :  often  of 
r?:n:n::?  importance  in  rustic  work  and  houses. 
S.  Catorama  spp..  powder-post  beetles  [Anobiidae]. 

Reared  from  cones  and  twigs.  Infests  stored  pine  cones  in 
South. 

9.  Chalcophora  virginiemis  {Drury ). 

Bores  in  injured,  dead,  and  dying  trees  and  stumps:  mines 
sapwood  and  heartwood.    May  completely  destroy  butt  log 
on  injured  trees. 
10.  Chrysobothris  spp..  flatheaded  borers. 

C.  dentipes  (Germ.)  attacks  living  trees. 
C.  floricoU  Gory  and  C.  pusUla  Cast. 

Borers  in  cambium  area  of  weakened  and  dying  trees.  Gen- 
ii. Cinara  tacdae  Tissot  aphid. 

Causes  needle  discoloration  and  drop.   Possible  potential  pest. 
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12.  Conophthorus  taedae  Ilopk.,  cone  beetle. 

Attack  developing-  cones  and  cause  cone  drop;  important  re- 
ductions of  seed  crop. 

13.  Dendroctonus  frontalis  Zimm.,  southern  pine  beetle. 

Attacks  cambium  area  of  trunk.  Causes  extensive  tree  mor- 
tality in  pine  stands  during  drought,  etc.  One  of  the  most 
important  southern  forest  insects. 

14.  Dendroctonus  terebrans  (Oliv.),  black  turpentine  beetle. 

Attacks  and  kills  pines.  Causes  heavy  losses  especially  in 
normally  wet  areas  following  selective  logging  operations. 
D.  valens  (Lee.)  in  northern  part  of  range  is  similar  but  less 
aggressive. 

15.  Dicerca  punctulata  (Sch.),  flatheaded  borer. 

Borer  in  dead  and  dying  pines. 

16.  Dioryetria  amateUa  (Hulst.),  cone  moth. 
Destroys  cones.    Also  damages  twigs,  shoots  of  reproduction. 
Attacks  wounds  also. 

7.  Emobius  granidatus  Lee,  powder-post  beetle  [AnobiidaeJ . 

Reared  from  cones  and  twigs.  Attacks  stored  cones.  Minor 
importance. 

18.  Exoteleia  pinifoliella  (Chamb.),  pine  needle  miner. 

Larvae  mine  needles.  Cause  unsightly  browning  of  trees; 
may  affect  increment. 

19.  Gnathotrichus  materiarius  (Fitch),  ambrosia  beetle. 

Bores  in  dying  trees,  logs,  etc.    Minor  importance. 

20.  Hylastes  porculus  Er.  and  Hylastes  tenuis  Eichh. 

Frequently  attack  roots  of  small  trees.  May  kill  pine  trans- 
plants or  young  plantation  trees.  Commonly  breed  in  logs, 
stumps,  etc.    Minor  importance. 

21.  Hylobius  pales  (Hbst.),  pales  weevil. 

Adults  girdle  seedlings.    Serious  pest  of  reproduction  follow- 
ing fires  or  cutting  of  pine. 

22.  Hylotrupes  bajidus  (L.),  old  house  borer. 

A  roundheaded  borer  which  is  becoming  a  serious  pest  of  pine 
timber  in  construction. 

23.  Ips  spp.,  pine  engraver  beetles. 

I.  avulsus  (Eichh.),  I.  calligraphus  (Germ.),  and  I.  grandi- 
collis  (Eichh.). 

Important  bark  beetles.    Attack  slash,  logs,  dying  trees,  and 
live  trees  under  adverse  conditions. 

24.  Laspeyresia  erotella  (Hem.)  and  L.  toreuta  (Grote),  cone  moths. 


LOBLOLLY  PIXE 


Feed  on  seeds  in  cones.  Believed  to  be  a  minor  pest  of  pine 
seed  crop. 

Matsucoccus  gallicola  Morrison,  pine  twig  gall  scale. 

Sucking  insects  nnder  bark  scales  can  kill  or  badly  deform 

young  trees.    Periodically  serions. 
Monochamus  spp..  pine  sawyers. 

M.  carolinsnsis  (Oliv.)  and  M.  iiiillaior  (Fab.). 

Attack  dying  trees  and  logs.     Cause  extensive  damage  to 

wood. 

Seodiprion  spp..  pine  sawflies. 

Abont  9  species  in  this  complex  gronp  of  defoliators  attack 
loblolly  pine.  Damage  by  some  species  causes  growth  loss; 
others  may  lead  to  mortality. 

Neodiprion  exitans  Roh..  pine  sawfly. 

Southern  species  from  Delaware  to  Texas.  Late  summer  and 
fall  defoliation  or  earlier  in  Deep  Sontli. 

Neodiprion  lecontei  (Fitch),  red-headed  pine  sawfly. 

Serions  defoliator  of  yomig  or  open  grown  trees.  Can  be 
two  or  more  generations  per  year,  feeds  year  round  in  Deep 
South.    Causes  seedling  mortality. 

Xeodiprion  taedae  linearis  Ross,  loblolly  pine  sawfly. 

Causes  severe  defoliation  to  loblolly  pine  which  results  in 
high  growth  loss.  Common  in  Arkansas.  Louisiana,  and  Texas. 

Pa chyl otitis  pieivorus  (Germ.\  pitch-eating  weevil. 

Adults  girdle  seedlings  in  recently  cutover  areas  and  in  plan- 
tations near  such  areas.    Very  important  economically. 

Phenacaspis  pinifoliae    Fitch  .  pine  needle  scale. 

Infests  needles,  causing  yellowing  and  loss  of  tree  vigor. 

PhyUophaga  spp..  white  grubs. 

P.  Juetuosa  Horn  .  P.  prununculina  (Burmeister  .  P.  soror 
Davis,  etc. 

Root  feeding  by  larvae  causes  serious  seedling  losses  in  nurs- 
eries and  in  plantations.  Adults  feed  on  needles  or  on  leaves 
of  hardwoods. 

Pissodes  nemorensis  Germ.,  deodar  weevil. 

Adults  may  girdle  seedlings  following  cutting,  fire,  etc. 
Breeds  in  recently  killed  pines  and  live  deodar  cedar. 
Attacks  living  pine  under  adverse  conditions. 

Pityophthorus  spp..  bark  beetles. 

This  group  has  many  species  which  usually  attack  the  twigs 
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of  southern  pines.  P.  pulicarius  Zimm.  is  the  most  aggressive 
species:  it  has  attacked  slash  pine  scions  in  genetics  studies. 

36.  Platypus  flavicornis  (F.). 

Most  common  ambrosia  beetle  attacking  dying  trees  and  logs. 
Causes  severe  lumber  degrade. 

37.  Pseudophilippia  quaintancii  (ML,  woolly  pine  scale. 

Attacks  young  trees  at  base  of  needles.  Common  but  im- 
portance unknown. 

38.  Ptinidae.  spider  beetles. 

Species  of  this  family  are  destructive  to  pine  wood.  The 
brown  spider  beetle.  Ptinus  brunneus  Dufts,  is  rather  com- 
mon in  old  buildings. 

39.  Reticulitermes  spp..  subterranean  termites. 

This  common  and  widely  distributed  group  of  termites  is  de- 
structive to  most  species  of  wood  improperly  used  in  construc- 
tion.   In  the  forest  they  can  be  found  attacking  pines  soon 
after  their  death. 
[0.  Retinodiplosis  spp..  resin  midge. 

Causes  resin  blisters  on  twigs  and  may  kill  twigs  when  abun- 
dant. 

:1.  Bhyacionia  frustrana  (Comst.)  and  B.  rigidana  (Fern.),  pine 
tip  moths. 

Bore  in  buds  and  new  shoots.  Cause  considerable  damage  in 
young  pine  stands,  particularly  on  poor  sites. 

2.  Stenocorus  inquisitor  (L.\.  ribbed  pine  borer. 

Cambium  borer  of  recently  dead  trees.  Very  common. 
Hastens  deterioration  of  timber. 

3.  Stephanopachys  rugosus  (01iv.\.  powder-post  beetle  [Bostrichi- 

dae.] 

Attacks  recently  cut  or  milled  pine.  Continues  to  mine  sea- 
soned wood  1  to  5  years. 

4.  Tetralopha  robust ella  Zell..  pine  webworm. 

Defoliates  seedlings  and  small  trees.  Occasionally  kills  young 
seedlings.    Large  webbed  masses  indicate  presence. 

5.  Toumeyella  pint  (King),  pine  scale. 

Rather  common  mahogany-colored  soft  scale  on  twigs.  Causes 
black  sooty  mold.    Results  in  needle  drop:  little  mortality. 

6.  Xylotrechus  sagittatus  (Germ.),  wood  borer. 

Common  in  dying  pine  and  green  logs.     Bores  in  wood. 
Causes  degrade  and  deterioration. 
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LIST  OF  ECONOMIC  OR  POTENTIALLY  ECONOMIC 
FUNGI  ON  LOBLOLLY  PINE— TREES  OR  WOOD 

Compiled  by  the  Division  of  Forest  Disease  Research,  Southeastern 
Forest  Experiment  Station,  LT.  S.  Forest  Service,  Jnly  1956. 

1.  Atropellis  tingens  Lohm.  and  Cash. 

A  minor  stem-canker  fungus. 

2.  Ceratocystis  ips  (Rumb.)  Mor. 

A  blue-stain  fungus  usually  associated  with  Ips  bark  beetles. 

3.  Ceratocystis  pilifera  (Fr.)  Mor. 

A  major  cause  of  blue  stain  in  lumber. 

4.  Ceratocystis  minor  (Hedge.)  Hunt. 

A  blue-stain  fungus  associated  with  attacks  by  Dendroctonus 
frontalis  and  possibly  other  bark  beetles. 

5.  C  oleosporium  apocynaceum  Cooke. 

A  minor  needle  rust.    Alternate  stage  on  Amsonia. 

6.  Coleosporium  delicatulum  (A.  &  K.)  Hedge.  &  Long. 

A  minor  leaf  rust  with  an  alternate  stage  on  Euthamia,  one 
of  the  goldenrods. 

7.  Coleosporium  elephantopodis  (Schw.)  Thuem. 

A  minor  needle  rust.  Alternate  host  on  Elephant  opus,  ele- 
phant 's-f  oot. 

8.  Coleosporium  ipomoeae  (Schw.)  Burr. 

A  common  needle  rust.  Alternate  stage  on  certain  Convol- 
vulaceae. 

9.  Coleosporium  laciniariae  Arth. 

A  minor  needle  rust  with  an  alternate  stage  on  Liatris. 

10.  Coleosporium  minutum  Hedge.  &  Hunt. 

A  minor  needle  rust  with  an  alternate  stage  on  Adelia. 

11.  Coleosporium  solidaginis  (Schw.)  Thuem. 

A  very  common  needle  rust.    Alternate  stage  on  Carduaceae. 

12.  Coleosporium  tere~binthinaceae  (Schw.)  Arth. 

A  minor  needle  rust  with  alternate  stage  on  Partkenium, 
Polymnia,  Silphium. 

13.  Coleosporium  vernonieie  B.  &  C. 

A  common  needle  rust.    Alternate  stage  on  Vernonia. 

14.  Coniophora  puteana  (Schum.  ex  Fr.)  Karst. 

A  brown  rot  common  on  various  products  exposed  both  in  and 
above  ground. 

15.  Cronartium  cerebrum  Hedge.  &  Long. 

A  rust  causing  round  galls  on  stems.  Alternate  stage  on  oak 
leaves.    Seldom  serious. 
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16.  Cronartium  comptoniae  Arth. 

A  minor  stem  rust  with  alternate  stage  on  sweetfern  and 
sweetgale.  (Reported  on  loblolly  pine  planting  stock  in  New 
Jersey.) 

17.  Cronartium  fusiforme  Hedge.  &  Hunt. 

Causes  the  most  important  stem  rust  of  loblolly.  Alternate 
stage  on  oak  leaves. 

18.  DaeddLea  berkeleyi  Saec. 

Causes  a  common  brown  rot  of  wood  products. 

19.  Dasyscypha  ellisiana  (Rehm)  Sacc. 

A  weak  parasite  on  twigs  and  branches. 

20.  Diplpdia  megedospora  B.  &  C. 

Probably  minor.    On  branches,  twigs,  roots,  lumber,  etc. 

21.  Diplodia  natalensis  Evans. 

A  common  blue-stain  fungus  in  lumber. 

22.  Forties  annosus  (Ft.)  Cke. 

A  root  and  butt  rot  that  may  become  important  in  planta- 
tions. 

23.  Fames  pint  (Thore)  Lloyd. 

The  most  important  heart-rot  fungus  on  loblolly  pine. 

24.  Hypaderma  lethale  Dearn. 

Common  killer  of  foliage  in  late  winter  and  spring. 

25.  Lent  in  us  Jepideus  Syd. 

A  brown  rot  of  the  wood  under  exposed  conditions. 

26.  Lenzites  saepiaria  ("Wulf.)  Fr. 

A  very  common  cause  of  rot  of  slash  and  of  wood  in  service. 

27.  Lenzites  trabea  Pers.  ex  Fr. 

A  brown  rot  common  on  wood  in  service  above  ground. 

28.  Lophodermium  pinastri  (Schrad.)  Chev. 

Occurs  widely  in  association  with  needle  browning  but  may 
not  be  primary. 

29.  Merulius  laerymans  (Wulf.)  Fr. 

A  cause  of  so-called  dry  rot  in  buildings. 

30.  Peniophara  gigantea  (Fr.)  Massee. 

A  very  common  cause  of  decay  in  stored  pulpwood  and  in 
other  unseasoned  pine  products. 

31.  Phytophthora  cinnamomi  Rands. 

A  root  parasite  associated  with  littleleaf  disease. 

32.  Polyporus  eibietinus  |  Dicks. )  ex  Fries. 

A  common  sapwood  rot  of  pulpwood  and  other  wood  exposed 
to  moisture. 
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33.  Polyporus  palustris  B.  &  C. 

Brown  cubical  wood  rot. 

34.  Polyporus  schweinitzii  Fr. 

Commonest  cause  of  root  and  butt  rot. 

35.  Polyporus  volvatus  Pk. 

Causes  a  minor  sapwood  decay  in  standing"  dead  trees. 

36.  Porta  cocos  (Sehw.)  Wolf. 

Causes  tuekahoes  on  roots  of  living  trees,  and  a  brown  rot 
of  the  wood. 

37.  Porta  incrassata  (B.  &  C.)  Curt. 

The  major  cause  of  so-called  dry-rot  or  water  conducting  rot 
in  buildings. 

38.  Porta  monticola  Murr. 

A  brown  rot  common  on  a  variety  of  wood  products. 

39.  Poria  radiculosa  (Peck^  Sacc. 

A  decay  of  wood,  notably  poles  and  posts,  exposed  to  soil. 

40.  Poria  subacids  (Peck^  Sacc. 

Found  on  downed  trees  in  three  states  and  suspected  as  a 
cause  of  butt  rot. 

41.  Pythium  spp. 

Sometimes  causes  loblolly  pine  seedlings  to  damp-off. 

42.  Bhizocionia  solani  Kuehn. 

A  principal  cause  of  damping-off  on  all  of  the  southeastern 
species  of  pine. 

43.  Bhizopogon  parasiticus  Cok.  and  Tott. 

An  ocassional  root  parasite.    Forms  mycorrhizae. 

44.  Scirrhia  acicola  fDearn.)  Siggers. 

A  common  cause  of  needle  blight,  often  appearing  in  the  fall. 

45.  Miscellaneous.    Root  rot  complex  at  W.  W.  Ashe  Nursery.  This 

is  an  important  disease  of  loblolly  pine  and  nematodes  are 
currently  ascribed  as  the  primary  cause.  However,  the  fol- 
lowing fungi  were  commonly  isolated  from  diseased  roots  and 
probably  play  a  role  in  the  trouble:  Torula  marginata  Jack- 
son. Fusarium  sp..  Sclerotium  bataticola  Taub..  and  Pestaloz- 
zia  fun  era  Desm. 

46.  The  following  fungi  have  been  found  capable  of  inducing  mycor- 

rhizae on  loblolly  pine  roots:  Boletus  granulosus,  B.  exinus, 
B.  Irevipes.  B.  chromapes.  B.  subluteus,  Boletinus  pictus, 
CanthareUus  cibarius,  Russula  lepida,  Cenococcum  grani- 
forme,  Amanita  muscaria,  Bhizopogon  sp. 
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Advantages,  loblolly  pine,  6 

Africa,  south,  128,  223,  240,  275,  276, 

460,  461 
Agriculture  in  relation  to 

old-field  stands  of  pine,  23,  24 
soil  quality,  49,  234 
Alabama,  9,  10,  12,  24,  26,  34,  75,  94, 
120,  127,  128,  147,  190,  191,  200, 
201,  203,  225,  237,  251,  271,  303, 
393,  423,  424 
Animals 

domestic,  118,  121 
human,  see  Logs  and  logging 
wild,   118,  119,  121,  122 
Ants,  Texas  leaf  cutting,  115 
Argentina,  223 

Arkansas,  7,  9,  10,  24,  25,  32,  34,  47, 
54,  57,  58,  60,  67,  69,  70,  77, 
86,  95,  96,  115,  119,   134,  135, 
137,  141,  142,  147,  172,  179,  180, 
190,  191,  203,  238,  252-254,  268, 
276,  280,  281,  282,  283,  315,  320, 
357,  385,  386,  393,  423,  428,  433- 
435,  451,  467,  471,  472,  495 
Associate  species,  6,  9,  25,  52,  76,  249 
list  of,  26-28 
See  also  Pine 
Atmospheric  conditions,  effect  on 
fire  behavior  91,  92,  95,  96 
pulpwood  deterioration,  470 
seedling  survival,  see  Seedlings 


Australia,  Queensland,  45,  46,  130,  157, 
158,  224,  234,  242,  245,  266, 
433,  448 

Backfiring,  see  Fire 

Bark,  characteristics,  18,  290-292,  436, 
437 

Birds 

damage  by,  119 
habitat  for,  414,  415 
repellents,  213 
Bluestain 
controls,  132 
defect,  469 

fungus  causing,  132,  469 
Bottomlands,  26,  167 
Broadleaved  competitors,  see  Hardwood 

species 
Burning,  see  Fire 
Carbon  dioxide  concentration,  61 
Carpet  grass,  408,  409 
Cattle  in  loblolly  pine  forest 

See  land  use,  range 
Cellulose,  growth  of,  5 
Characteristics,  loblolly  pine 

anatomical,  17-19 

identifying,  438 
Chemical  analysis  of  wood,  444,  445 
Chemicals,  see  Fungicides,  Insecticides, 

Herbicides 
Chromosomes,  244 
Clear  cutting,  see  cutting  timber 
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Climate,  as  related  to 

distribution,  loblolly  pine,  20 
injuries  to  loblolly  pine 

cold  weather,  ice,  137-139,  140 
hot  weather,  drought,  141,  142 
wind,  134-136,  317 
Climax  forest,  29,  31,  36 
Coastal  Plain 

fertilizer,  response  to,  47 
growth,  diameter,  274 
heartrot  131 
plantations,  230-232 
roads,  spacing,  373 
seed  source,  203-205 
seed  trees,  loss,  134 
terraces,  34 
tractor-plow  units,  93 
yields  of  timber,  270 
Coastal  Plain  vs.  Piedmont,  differences 
clearing  and  reforestation,  23,  167 
drainage,  internal,  I.W.V.,  36,  37,  69, 
71 

fire,  use  of,  93,  94,  96,  99,  100 
grazing,  effects  of,  405-409 
hardwood  species,  need  of,  33 
height  growth,  effect  of  soil  on,  225 
land  use,  effects  of,  392-394 
log  quality  indices,  475 
management,  all-aged  form  of,  344 
monoculture,   danger  from,  48 
physiographic  situations,  34,  35,  172 
regeneration  failure 
cause  of,  146-148 
need  for  release,  189,  190 
sawlogs,  size  of,  423,  424,  424,  425, 
427 

seedcrops,  size  of,  152-155,  157,  158, 
160 

seedfall,  season  of,  150,  159 
seedlings 

freedom  to  grow,  173,  184-186 
overwood  effects,  176-178,  180,  181 
site  quality,  indices  of,  36,  37,  70-72, 

74,  75,  76 
site  preparation   for   seedfall,  166, 
167 

Competition,  vegetal 

grass  and  weeds,  147,  168,  212,  227, 
238,  353 

level  of,  167,  188,  301,  309,  314,  354 
shrubs,  147,  161,  212 
trees,  161,  166,  228,  314 
Composition 

stand  (species),  66,  83,  84,  199,  333 


type  conversion,  229,  230,  Ml 4,  315 
wood,  444,  445 
Compression  wood 
in  pulpwood,  447 
in  trees,  454,  455 
properties  of,  454,  455 
Y  Cones,  454 

ease  hardened,  207 

characteristics  of,  1-7-19,  150 

collection  of,  206 

defective,  158,  206 

drying  of,  207 

crop  estimates,  150,  152 

insects,  153 

maturing  of,  206 

preeuring  of,  207 

production 

age  of  trees,  153 
diameter,  153 
crown,  152 
release,  161,  162 
ripening  season,  150 
See  also  Seed 
Controlled  burning 
See  Fire,  use  in 
Cordwood  volumes,  9,  10,  306 
pulpwood,  10,  325,  429,  447,  450 
yields,  284,  285,  292,  293 
Cronartium  rusts 
alternate  hosts,  125 
cerebrum,  123 
fusiforme  123,  124,  220 
control,  126,  220 
life  history,  124 
susceptibility,  125 
Cutting  timber,  as  related  to 
areas,  units  of,  354 
burning  schedules,  87,  91 
compacting  soils,  84,  85,  167 
composition  improvement,  304 
disease  control,  123,  126 
financial  maturity,  363,  365,  367,  422 
423 

fire  hazard,  93,  94 
forage  production,  405,  406 
form  of  forest,  342,  345 
game  management,  416 
growing  stock  and  cutting  cycle,  354, 
355,  384 

growth  rates,  282,  293,  294,  306,  320 
hardwood  control,  166,  167,  169,  298 
300 

inferior  and  poor  risk  trees,  123,  124, 

126,  142,  300,  305 
insect  control,  101,  107,  112 
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Cutting  timber,  as  related  to, — cont'd 
intensity   of    silviculture,   146,  300, 

344,  358 
market  outlets,  306 
regeneration,  143,  146,  157,  158,  160, 

161,  162 

regulation  of  the  cut,  307,  354-356 
salvage,  84,  86,  98,  101,  105,  129,  281 
seedbeds,  352 
seed  tree 

failure,  348 

removal,  190,  347,  351 

reservation,  350 
shelterwood  method,  351 
site  preparation,  156,   166,  167 
type  conversion,  230,  298 
Cutting  timber,  purposes  of 
bettering  quality 

(stand  improvement j  300,  301,  304 
establishing  new  stands 

See   Sites,    preparation:   also  Re- 
generation 
harvesting  the  crop 

See  Cutting  timber,  systems  for 
liberating  regeneration 

See  Release,  seedlings 
reducing  stand  density 

See  Thinning 
Cutting  timber,  systems  for 

all-aged   silviculture,  189,  342,  344, 
346 

group  selection,  43,  343,  345,  353, 

354 

single  tree.  345,  347,  353 
even-aged  silviculture,  189,  342,  344, 
346,  356 

clear  cutting,  42.  43.  343,  345,  347 

shelterwood,  351 
strips  or  patches,  347,  348 
Damage  from 

animals,  119-121.  212.  404,  406 
birds,  119,  212 

climate,  133,  134,  135,    139,  140 

disease,  123,  467,  469,  470 

erosion,  39S 

fire,  96,  97,  467.  468 

ice,  137-141 

insects,   100-102.    104.   106-110,  112, 
113,  114,  117,  469,  481 

inundation,  41,  394 

logging,  84,  85,  314,  315 

weed  trees,  189 

wind,  134-136 
Decay,  131,  132 
Deer,  119,  410 


Defects,  caused  by 

disease,  124,  131,  469,  470 

fire,  467,  468 

insects,  117,  481 

knots,  333-335,  475,  493 
Delaware,  9,  10,  20,  21,  22 
Demonstration 

forests,  385,  386 

watersheds,  403 
Denmark,  325 
Density 

annual  increase  in  stand,  177 
crown  diameters,  effect  on,  294,  295 
of  canopy,  176,  178 

See  also  Overwood 
of  deer  population,  410 
of  plantation  spacing,  266-268,  271, 

of  reproduction,  166,  172 

of  seed  orchards,  242 

of  timber  stands 

density  control,  see  thinning 
desirable  level  for,  158,  260,  263 
equilibrium  in,   260-262,  263 
expression  of,  267,  268 
well  stocked,  269,  270,  306 

of  wood,  see  Wood,  specific  gravity 
Development,  individual  trees.  251,  253 
Development  in  South  Africa,  276 
Diameter  classes  of  trees  in  relation  to 

age  of  loblolly  pines,  253 

bark  thickness,  292,  293 

crown  diameters,  295 

cost  of  deadening,  312 

dimensions  of  trees,  252,  253 

distribution  of  sawtimber,  10 

girdling  time,  304 

grade  yields,  473 

growing  stock  changes,  385 

growth 

in  cords,  291 

in  diameter,  186 

in  percent,  291 

of  pulpwood,  293,  306 

log  and  tree  grades,  367,  472 

mill  overrun,  378,  379 

pruning,  334,  334 

pulpwood  bolts  and  volume,  494,  496 
pulpwood  conversion  time,  428 
rates  of  growth,  274,  275 
response  to  liberation,  320,  321 
rules  for  spacing,  272,  273,  328,  332 
seed  tree  numbers,  350 
stand  density,  262,  263,  267,  501 
stump  diameter,  289 
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Diameter  classes  of   trees  in  relation 
to, — eont 'd 

Thinning  plans,  328,  332 
upper-stem  diameters,  490-491 
volume  and  weight,  498,  500,  501 
utilization  limits,  426,  427,  495 
Diameter  of  logs  and  bolts  in  relation 
to 

bark  percent,  436 

board  widths,  425 

ehippable  waste,  435 

cords,  286,  288 

quality  indices,  475 

sawing  costs  per  M,  378 

value  and  cost,  472 
Dimensional  stability,  452 
Dimensions,  virgin  trees,  251,  252,  253- 
255 

Direct  seeding  (by  hand  or  plane),  211, 
212 

Diseases  affecting 
needles,  129 

nurseries,  126,  127,  21S 

old  timber,  127,  128,  131,  467 

plantations,  123,  124-126 

roots,  127.  12S 

stems,  126 

twigs,  130 

wood  products.  132,  133 
Diseases,  list  of,  46  fungi, 

annotated,  508 
Dispersal  seed,  163-165 

See  also  Regeneration 
Distribution,  loblolly  pine 

altitudinal.  21 

geographic.  20,  21 

outposts,  22 
Douglas-fir,  comparison  with,  5 
Drainage,  41,  42,  44,  128 
Drought,  141,  142,  400 
Embryos,  seed,  244 

Engraver  beetles  (Ips),  102,  104,  106 
Equilibrium  density,  260-262,  277 
Equipment,  see  Tools 
Erosion,  see  soil .  erosion 

fire,  erosion  losses,  94,  100 
Evaluation 

sites,  67,  68,  75-77 

stocking.    260,    263,    269,   270,  306, 
332 

regeneration,  166,  172 
Evaporation,  400,  401 

See  also  Transpiration 
Farm  forestry,  385,  386 
Eauna,  soil,  50 


Fertilization 
flowers,  149 

soils,  45-47,  130,  159,  217,  218,  241, 
242,  396,  410 
Fibers,  441,  443,  445,  447 
Fibril  angles,  442,  443 
Financial  maturity,  327,  363,  365,  367 
Finland,  65 
Fire 

air  patrol,  88,  92 
behavior  of,  92,  95 

humidity,  relative,  96 
control  of 

backfires,  88,  96,  316,  317 

barriers,  409 

equipment,  92 

headfires,  96 

organization,  S7 

roads,  access,  373 

strip-firing,  96 
damage  from 

appraisal  of,  99 

types  of,  97 
danger,  91 
detection,  92 
effects  on 

butt  injuries,  98,  468 

cronartium,  126 

erosion  losses,  94,  100 

foliage,  9S 

hardwoods,  33,  94,  316 
insect  attacks,  106 
pruning,  331 
seeding,  natural,  94 
seedlings,  87,  97 
seeds,  96 
soils,  94.  97 
stands,  95 

successional  trends,  32,  33 
exclusion  of  ,  33 
handling  of,  96 
hazards,  85,  90,  95,  406 
incendiary,  89 
insurance,  90 
origin,  87,  90,  91 
policy  toward,  S9,  95 
problems  of,  87,  89 
program  for,  318 
protection  from,  33,  95,  407 
purpose  in  burning,  see  Fire,  use  in 
rate  of  spread  of,  92 
relation  to  cutting,  93,  94,  16S 
relation  to  grazing,  406,  407 
resistance  to  injury  by,  87 
risk  of,  90 
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Fire, — cont'd 

season  of.  91.  169,  317,  319 

sub  dim  ax  type  of  forest,  32 

suppression,  92 

timing  of,  91,  94,  99,  100 

towers,  92 

types  of,  95 

controlled,  87,  95 
crown,  95,  99 
explosive,  92.  95 
light  burning.  91,  316 
prescribed,  87,  89,  95,  316 
strips,  progressive,  317 
subsurface,  95 
summer,  317,  318 
surface,  92 
wild,  87,  91,  92 
use  in 

deadening  hardwoods 

control  of  understory,  94,  96 
game  management 

habitat  control,  412-414 
hazard  reduction 

forest  fuels,  94.  99,  406 
land  clearing 

brush  disposal,  99 
protection,  88,  99 
backfires,  96,  316 
fire  barriers,  409,  410 
range  management 

forage  production,  407 
seedbed  improvement 

exposure  of  soil,  94 
site  preparation  for 
planting  pine,  226 
seeding,  direct.  212 
seeding,  natural,  156 
timber  stand  improvement,  316, 
318 

Fireproofing  wood,  455 

Flooding,  25,  41,  42,  394 

Florida,  8,  9J0,  12,  75,  78,  111,  130, 

138,  149,  198,  204,  223,  241,  245, 

281,  300 
Flowers,  148,  149 
pistillate,  19,  137 
stamina  te,  17 
Foliage,  17,  18 
Food 

forage  for  livestock,  406-410 

plant,  reserve  storage,  45 

wildlife,  411-415 
Forest  history,  3,  6,  7,  9,  23,  24 
Forest  Survey,  U.S.,  9 

areas  by  states,  9 


size  classes  of  timber,  10 

volumes  by  states,  10 

wood  preserving  plants,  12 

woodpulp  mills,  11 
Form  of 

boles,  260,  336 

forests,  342,  343,  345 

management,  342,  344,  346,  356 
Freezing  weather,  137-141 
Full  stocking 

See  Density  of  timber  stands 
Fungicides,  133,  220,  221 
Fungi,  list  of, 

annotated,  505 
Fusiform  rust,  see 

Croiuirtium  rusts 
Fnture  supplies,  290,  292,  293 
Game  animals,  see 

Land  use.  game  management 
Georgia,  9,  10,  12,  23,  25,  34,  35, 
75,  78,  92,  108,  137,  138, 
141,  142,  147,  160,  172,  179 
200,  203,  210,  223,  274,  281, 
300,  351,  359,  361,  395,  407, 
412,  438 
Goats,  120,  121 
Gophers,  122 

Grades,  interim  rules  for,  493 
Grading 

logs,  470-472,  473,  475,  493 

lumber,  474 

pulpwood,  429 

sites,  67.  68 

trees,  305,  366,  367,  470 
Grazing,  120,  405-409 
Growth 

accelerated,  284 

annual,  9,   254,  266,  274,  279, 

go»  284 
approach  to  normal,  261,  264 
associated  species,  186,  201,  20: 
bark  thickness,  291,  292,  293 
basal  area,  142,  258,  259,  265, 

277,  284 
board  feet,  280,  283,  365 
capacity,  257,  258,  259 
clear  length,  252,  258 
conversion  surplus,  366 
cords,  282-284,  325 
crown  width,  284 
cubic  feet,  277,  278,  283 
culmination,  277-279,  2S0.  355 
current,  277 

diameter,  5,  6,  186,  254,  255, 
260,  274,  275 


139 

197 
290 
410 
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Growth — eont 'd 

dominant  trees,  258,  259 
effect  of 

cutting  on,  282 

fertilizer  on,  47 

fire  on,  99 

insects  on,  109,  115 

light  on,  56,  60,  61 

rainfall  on,  36,  37 

site  on,  68,  276 

soil  moisture  on,  36 

temperature  on,  36,  37,  57,  59 

vegetal  competition  on,  191 
forecasts  of,  263,  290,  291-294, 
height  of  tree,  6,  65,  68,  185,  186 
log  length,  367 
optimum,  265,  368,  369,  371 
periodic,  273,  274,  277,  278,  283 
plantation,  283 
prediction,  263,  290,  291-293 
rate,  270 

relationships,  282,  283 
roots,  52,  53,  51,  65 
sawlogs,  365,  366,  367 
seedlings,  60,  65,  171,  175 
shoots,  58 

stem  quality,  334,  365 

time  to  grow  1  inch,  258,  275,  292 

upper  stem,  259,  260 

value,  189,  306,  361,  362,  365 

vigor  class,  366 

volume,  254,  277,  278,  279,  280,  283, 
365 

weight,  278 
Habitat,  wildlife,  111 
Hardwood  species 

benefits  from,  18,  49,  250 

control  of,  5,  310 

growth  of,  69 

leaf  litter,  48,  50 

photosynthesis,  64 

sprouting  roots,  63 
Healing  of  wounds,  335.  468 
Heartrot,  131,  467 
Heartwood,  439,  440,  483 
Height,  clear  average,  252 
Height  growth,  6,  65,  185 
Herbicides,  216,   307,  309-311-313 
History,  early,  3,  6,  7,  9,  22-24 
Hogs,  119 

Honeysuckle,  396,  406 
Humus,  46,  395 

Hybridization,    see    Tree  improvement 
Ice-glaze,  hail,  snow,  137-140 
Idaho,  223 


Illinois,  204,  223,  224,  276 
Increment,  see  Growth 
Indiana,  211 

Indices,  miscellaneous  types  of 

build-up,  fire  danger,  91,  92 

burning,  rate  of,  91,  92 

conversion  surplus,  366 

evapo-transpiration,  21 

quality,  logs,  475,  476 

quality,  lumber,  474,  475 

site,  timber  growing,  34,  38,  67  68 
70,  250 

stand  density,  S.D.I.,  501 

stand  structure,  356 
Inflorescence,  148-150,  157 
Injuries,  causes,  see  Damage 
Insecticides,  105,  109,  111,  113,  117 
Insects 

aerial   detection,   101,   104,  105 

ants,  115 

beetles 

colaspis,  116 

flatheaded  borer,  118 

pales  weevil,  112,  113 

southern  pine  sawyer,  118 

turpentine,  107 
beetles,  bark 

breeding  places,  101 

engraver  {Ips) ,  101,  102,  104,  106 

evidence  of,  105,  107-109 

June  or  May,  117 
cone  insects,  112,  116 
controls,  see  Pests,  control  of 
defoliating,  114-116 
feeding  habits,  114,  115 
grubs,  white,  117 
infestations 

endemic,  101,  103 

epidemic,  100,  103 

zones  of,  104 
Ips,  101,  102,  104,  106 
life  cycle,  103,  106,  108,  111,  112, 
114 

list  of,  annotated,  504 

losses  from,  101,  103,  114,  115 

moths 

cone,  116 

European  shoot,  112 

needle  miner,  116 

pine  tip,  Nantucket,  101,  109.  110 
parasites,  111,  115 
relation  to 

cutting,  107,  114 

drought,  103,  106.  142 

fire,  106,  114 
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Insects,  relation  to — cont'd 
fungi,  103,  104 
moisture,  110 
temperature,  100 
sawrlies,  101,  111 
southern  pine  beetle,  101,  102,  104 
susceptible  trees,  103,  106,  136 
Japan,  221 
Kentucky,  221,  133 
Kiln  drying  to 
open  cones,  207 
season  lumber,  178 
Knots  as  defects,  193 
Kudzu,  396 

Land  treatments,  blanket 
brush  cutting,  228,  230,  315 
bulldozing,  167,  229 
burning,  see  Fire,  use  in 
chaining,  315 

logging,  see  cutting  timber,  purpose 
of 

reclamation,   see  regeneration, 
artificial 

rehabilitation,  see  regeneration,  arti- 
ficial 

revegetation,  198,  226,  229,  115 
Land  use 

game  management,  410 

combined    with    silviculture,  110, 

113,  115,  117 
cover  for  game,  113,  115 
den  trees,  113 
fishing,  113 

food   for  wildlife,  313,  111,  112, 

113-115 
habitats,  112-111,  116,  117 
range  for  deer,  110,  111 
small  game,  112-111 
integrated  use,  see  Multiple  use,  417- 
118 

loblolly  pine  growing,  6-8,  21 
management,  timber,  Chapters  7 

and  8,  xviii,  xix 
measures,    cultural,    see  Timing, 
intervals  between 

range,  domestic  stock,  101 
burning,  prescribed,  407 
carrying  capacity,  106,  107 
conflicts  of  interest,  105 
fire  lanes,  strip  pastures,  109,  410 
forage  plants,  106-108,  110,  111 
grazing  practice,  105 
improvement,  range,  108,  109 

watershed  management,  399,  403 
See  also  Water;  Soil,  erosion;  and 
Eegeneration,  artificial 


Light,  36,  60 

continuity  of,  61,  65 
kind  of,  62 

photosynthetic  efficiency,  60,  61 
relation  to  S.D.L,  60,  63 
seedling   development,   52,   56,  60 
side  light,  under  timber,  177 

Lightning,  133,  134 

Limits  of 

distribution,  4,  20 

utilization,  363,  126,  427,  195 

Lists,  annotated 
diseases,  508 
insects,  504 

Litter,  accumulation,  18,  19,  391 

Littleleaf  disease,  128,  129 

Livestock  values,  see  land  use,  range 

Loblolly  pine 

distinguishing  characteristics,  17-19 
distribution,  geographic,  20-22 
management  of,  see  land  use 
names,  common.  15,  16 

Logs  and  logging- 
damage  from,  81-86 
effect  on  seedbeds,  156 
felling,  bucking,  skidding,   370,  371 
grades,  logs  and  trees,  170,  171,  472, 
473 

tractors,  371 

See  also  Volume,  logs,  tables  for 
Longleaf,  see  Pine 

Louisiana,  6,  9,  10,  20,  21,  36,  70,  75, 
76,  77,  88,  91,  99.  108,  111,  115, 
119-121,  137,  138,  111,  116,  170, 
171,  179,  191,  197,  198,  200,  203, 
205,  211,  212,  210,  211,  250,  251, 
261,  271,  282,  283,  291,  292,  311, 
321,  325,  107,  109,  110,  123,  131, 
435 

Lumber 

content  of  trees,  see  volume,  trees, 

tables  for 
production,  7-9,  377 
values,  474 
Management,  forest 

economic  considerations 

conversion  surplus,  361,  366,  367, 
371 

conversion    to    lumber,    371,  376, 
379,  122,  123,  424,  424,  425,  427 
cut,  operable,  364 
cut,  regulation  of,  307,  351.  355 
equipment,  370 

financial  maturity,    327,  363,  365, 
367,  422,  123 
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Management,     forest,     economic  con- 
siderations— cont 'd 

forest  rent  and  soil  rent,  363 
interest,  rates  of,  357,  362,  357 
inventories,  286 

labor,    man-hours,    357,    358,  359, 

376,  12Q-428 
log  and  tree  size,  363-365,  366,  377, 

378,  424,  424 
logging  costs,   364,  376,  429 
marginal  cost,  368 
markets,  11,  13,  379,  380,  381,  382, 

421 

mixed  species  stands,  300 

returns,  timber  growing.  199,  360, 
361,  362,  365 

revenue,  marginal,  370 

roads,  373,  374 

stocking  optimum,  368 

stumpage,  6,  357,  379 

supervision,  358,  429 

utilization,  363,  380,  425,  426,  427, 
428,  429,  432,  495 
multiple  use,  417 
silvicultural  considerations 

cuttings,  commercial,  304,  429 

cutting  systems,  see  cutting 

farm  forestry,  282,  283 

form  of  forest,  342,  343 

herbicides,  use  of,  307 

immature   timber,   298,    299,  314, 
346 

intensity    of   operation,   146,  345, 

358,  360,  361 
management,  grazing,  401-109 
management,  watershed,  399,  401, 

402,  403,  404 
management,  wildlife,  410-417 
pests,  fungi,  insects,  lists  of,  504, 

508 

release,  response  to,  319,  320,  321 
thinning,    pure    stands,    321,  322- 

324,  325,   328,  330-332 
timber    stand    improvement,  299, 

300,  304,  306,  307,  314-316,  318^ 

319 

treatments,  scheduling,  189,  303 
volume,  weight,   and  yield  tables, 
494-503 

Manufacture,    see    uses,    loblolly  pine 

products 
Marginal  cost,  368 
Marginal  growth,  179 
Markets,  wood  products,  379,  381 
See  also  Management,  forest 


Maryland,  9,  10,  20,  21,  13  7,  203,  223, 

240,  280,  284,  291,  351 
Massachusetts,  223 
Measurement  of 

logs  and  trees,  286,  290 
regeneration,    166,  172 
Mississippi,  9,  10,  36,  91,  94,  108,  112, 
127,    140,    141,    198,    200,  201, 
203,    204,   225,    239,   241,  291, 
30u,  302,  393,  451 
Missouri,  223 
Moisture  in 
fuels,  91 
seeds,  208 
soils,  53 

wood,  463,  464,  465 
Moisture  removal  from 

cones,  207 

forest  floor,  36,  400 

lumber,  476,  477,  478,  479 

soils,  36,  54,  401,  402 

swamps,  42,  43 

trees,  103,  400 
Monoculture,  4S 
Mortality  from 

animals,  119,  120,  224 

birds,  119,  212 

competition,  vegetal,  227,  280 

disease,  12S,  220 

drought,  141,  142,  211,  286 

fire,  97,  98,  318,  319 

herbicides,  310,  311 

lightning,  134 

logging,  86,  87,  351 

insects,  101,  103,  106,  108,  112,  114 

planting,    poor,  211 

storms,  wind,  ice,  133,  134,  135,  137 
139,  140 
Mulch,  effect  on 

nursery  beds,  215,  219 

planted  seedlings,  226,  227 

temperature,    soils,  396 
Multiple  use,  417 
Mycorrhiza,  47,  57,  216 
Xaines,  common,  15.  16 
Xeedles 

character,  17,  18,  19,  45 

shedding,  49 

uses,  437,  438 
Xew  Jersey,  22,  137,  223,  224.  240 
New  Zealand.  224 
Xitrogen  content  in 

soil  and  fertilizer,  47,  48 
Xorth  Carolina,  6,  7,  9,  10,  21,  22,  26, 
42,  44,  58,  70,  71,  72,  75,  76,  78, 
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North  Carolina — cont  'd 

111,  127,  135,  137,  119,  152,  172, 
189,  191,  200,  223,  231,  249,  255, 
275,  281,  311,  351,  109,  110,  412, 
490,  494 

Nursery  practice 

see  Regeneration,  artificial 

Nutrients,  45-48 

Nutritional  requirements,  44,  45 
Oaks,  125 

oak-hickory  type,  28,  29 
Ohio,  211,  223 
Oklahoma,  9,  10,  24,  127 
Old  fields.  16,  23,  31,  393 
Oleoresin,  20,  421 
Openings  in  canopy  to 

favor  forage  and  run-off,  399,  404, 
407,  409 

favor  game  animals,  414,  416 

reproduce  timber,  147,  164,  179,  ISO, 
183,  184 
Optimum  stocking,  368,  369 
Organic  matter,  49,  50 
Overrun,  sawmill,  378,  379 
Overstory,  59,  60,  174,  176,  351 
Overtopped  seedlings 

growth,  60,  176 

life  expectancy,  179,  187,  188 

mortality,  179,  182,  238 
Overwood  canopy 

composition,  species,  178,  182 

crown  cover,  176,  306 

density,  S.D.I.,  60,  178 

effect  on  seedling  height,  60,  180,  181 
Painting,  loblolly  pine  wood,  485 
Pales  weevil,  112,  113 
Paper,  strength,  446,  449 
Pasturing  fire  lanes,  409,  410 
Permeability,  infected  wood,  470,  485 
Pests,  annotated  lists,  504,  508 
Pests,  artificial  controls 

felling  trees,  101,  105,   107,  109 

fumigating,  111,  116,  127,  219 

fungicidal,  132,  133,  219,  220,  221 

herbicidal,   190,  216,  219,  302,  307, 
309,  310 

insecticidal,  107,  111,  113,  115,  117, 

118,  133,  219,  241 
nematocidal,  127,  219 
peeling,  105 
pond  storage,  105 
repelling,  212,  213,  215 
spraying,   105,    107,    109,   111,  115, 

241 


Pests,  natural  controls,  106,  108,  111. 
115 

Photosynthesis,  60,  61,  65 

pine  and  hardwood,  64,  65 

See  also  Light 
Piedmont  plateau 

conversion  time,  sawlogs,  375 

cover  types,  26 

forest  floor,  life  within,  50 

seed,  dispersal  of",  163,  164,  165 

site  quality,  399 

soils  influence,  32,  36,  404 

storm  damage,  139 

succession  on  old  fields,  31 

see  also  Coastal  Plain  vs.  Piedmont 
Pine 

longleaf,  6,  25,  26,  138,  150,  200-202, 

244,  250,  456,  459 
pitch,  150,  201,  244 
shortleaf,  6,  8,  9,  25,  26,  54,  68,  76, 
128,  129,  135,  138,  150,  197,  199, 
200,  201,  202,  244,  250,  333,  438 
slash,  6,  26,  45,  125,  13 S,  150,  197, 

200,  201,  244,  250 
Sonderegger,  244 
Virginia,  25,  26,  150,  200,  201 
white,  22,  201 
Plant  indicators,  65,  66 
Planting  and  plantations 

see  Regeneration,  artificial 
Plows,  fire  control,  93 
Poles 

measurement  of,  431 

standard  dimensions,  492 

versus  other  products,  432,  500 
Policy  toward  fire,  89,  95 
Pollen,  149 
Pollination,  149 
Posts,  fence,  326 
Precipitation,  see  Rainfall 
Preservation,  wood,  plants  for,  12 

See  also  Wood,  preservation 
Products,  see  uses,  loblolly  pine 
products 

Propagation,  pine  species,  244,  245 
See  also  Regeneration,  artificial, 
nursery  practice 
Properties  of  wood 

pulping,  444,  445,  446-448,  451 
related   to   strength,  452,   453,  455, 
457,  458,  459,  461,  463-455,  466, 
469 

other  properties,  see  Wood 
Pruning,  329 

equipment,  334-336 
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Pruning, — cont 'd 
grade  yields,  334 
growth  after,  335 
height  of,  334,  336 
knots 

formation,  333 

occlusion,  335 
methods,  333 

recommendation,  336,  337,  338 

time,  335 
Pulp  industry,  11,  13 
Pulpmills,  11 
Pulp,  strength,  446 
Pulp,  types  of,  450 

hardboard,  451 

mechanical,  451 

soda,  451 

sulphate,  449 

sulphite,  450 
Pulpwood 

converting  factors,  286,  288 

d.b.h. -stump  ratios,  289 

measurement  of,  287 

storage  of,  470 

utilization  of  round  wood,  13 

weight  and  volume  of,  288,  289.  306, 
500,  501 
Quail,  412,  414 
Quality 

logs,  472,  473-i^J.  493 

lumber,  474 

planting  stock,  215.  21 8 
pulpwood,  429 
trees,  305 

sites,  67,  68-70,  71,  72,  73,  74,  75,  76, 

77,  78,  400 
see  also  Indices,  misc.,  types  of 

Eabbits,  121 

Eainfall,  disposition  of 
evaporation,  36,  401,  402 
interception  by  trees,  401.  403 
penetration,  soil,  401 
run-off  from  soil.  394.  399,  401 
stem-flow  in  trees,  401,  403 
through  fall  in  trees,  401,  403 
see  Water,  also  Transpiration 

Eainfall,  effect  on 
fire,  uses  of,  316 
growth,  36,  37,  58 
seedbeds,  171 
seedcrops,  153 

soil  moisture,  400,  401,  402 
Eange, 

distribution  map,  20 
domestic  stock,  404,  405 


improvement,  408,  409,  414 
wildlife,  410-417 
Eegeneration,  artificial 
area  needing,  197 
benefits  from,  196 

conversion,  type,  9,  24,  229,  230,  315 
costs  and  returns,  198-200 
hybridization,  243 
liberation, 

see  Belea.se,  seedlings 
nursery  practice, 

planting  stock 
age,  214 

development,  215-217,  234 
preplanting  treatment,  221 
production,  214 
propagation,  vegetative,  244 
storage,  222 
protection  from 
birds,  213 
damping-off,  218 
diseases,  123,  124,  125-127,  218, 
220 

grubs,  white,  117,  219 

nematodes,  127 
rootrot,  black,  127 

rusts,  fusiform,  126 
seedbeds,  214-217 
seedlings,  125,  214,  215.  218-222 
planting,  field,  222 
depth  of,  234 
fertilization,  235 
hand  planting,  198 
machines,  types  of,  231 
outside  natural  range.  222-224 
planning, 

advance,  231 

operation,  230,  231 
prescription  planting,  838 
reforestation,  open  land,  area  need- 
ing, 197,  225,  227 
rehabilitation,  397 

eroded  soils,   199,  225-227.  395, 

396,  398,  400 

spoil  banks,  201 
reinforcement  planting, 

underplanting.   237,  239 

understocked  stands,  196,  197 
release   measures,  237-239 
results  of  planting 

height,  201,  234,  398 

survival,  233,  238,  239 
seed  orchards,  237,  242 
situations 

soil  textures,  393,  400 
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Regeneration,  artificial,  planting, 
field,  sitnations — cont'd 

See  also  Sites,  preparation  for 
planting,  and  preparation,  mech- 
anized 

spacing  of  trees,  198,  235-237,  239, 
242 

species  to  plant, 

choice  of,  199-201 

mixtures  of,  6,  62,  84,  201 
stock,  handling  of,  233 
stocking,  optimum,  237.  263 
See  Seed;  also  Seedlings 
seeding,  direct  in  the  field  (Le.,  by 

hand  or  plane),  209,  211,  212 
treatments,   preserving,    210,  212, 

213 

See  also  Sites,  preparation 
seeding  in  nurseries,  214-217 
seed  for, 

extraction  and  cleaning,  206-208 

procurement  of,  205,  206,  241 

size  of  seed,  215 

source,  202,  241 

storage,  208 

stratification,  209,  210,  212 
testing,  209,  210 
wings,  removal  of,  207,  208 
yield  from  cones,  206 
See  also  Cones,  and  Seed,  crops  of 
sites,  preparation  of,  226,  228-230, 
315 

See  also  Sites,  and  Soil 
tree  improvement,  240,  242-245 
thinning,  need  for,  199 
yield  from  plantations,  198 

effect  of  seed  source,  203-205 
Eegeneration,  natural,    146,  156,  153- 
160,  163 
establishment  affected  by 

animals,  155 

birds,  155 

conditions  favoring,  155,  156,  172, 

ass 

cover,  ground,  188 

drought,  36,  141,  142 

litter,  156,  171 

period  of,  155 

seedbeds,  156,  166,  171 

seed  source.  165,  202,  347 

seed  supplies,   146,   150,  152-155, 

158,  160,  164 
temperatures,  53,  141 
vegetation,  186,  188 
growth  and  survival  affected  by 
cutting,  188 


disease,  123 
fire,  97 

grazing,  119,  120 

insects,  109,  110,  112 

liberation;  see  release,  seedlings 

light,  64,  65 

moisture,  35,  188 

overwood,  179 

prematurity,  306-307 

release,  189,  191 

soil,  76 

site  preparation,  156,  167,  169,  170 
see  also  Seed,  and  Seedlings ;  also 
cutting  timber,  systems  for 
Regulation  of  the  cut,  307,  354-356 
Release,  crop  trees  and  seed  trees,  159, 

161,  162,  319 
Release,  seedlings, 

cleaning  or  weeding,  189,  307 
need  for  and  results  of,  186,  191, 
192,  192 

Reproduction,    see    Regeneration,  also 

Seedlings 
Residue  and  waste,  433,  434,  435 
Resistance  to  fire,  96-99 
Resources,  timber,  3,  6-9,  10 
Response  to, 
fertilizer,  47 

light,  56,  59,  60,  61,  62,  64 
release,  162,  189,  191,  213,  237-239. 
319,  320 

Returns  on  investment,  360,  361,  365 

Roads,  all-weather  access,  86,  373,  374 

Rodents,   121,  122 

Roots,  51.  52 

channels  and  dormancy,  53,  54,  57 
hairs  and  mycorrhiza.  57 
relation  to  temperature,  53,  57 
penetration  and  numbers,  53,  54,  56 
systems,  character  of,  54,  55,  56 

Rotation  age,  5,  129,  156,  161,  273, 
355.  362,  364,  439 

Salvage,  34,  86,  98,  105,  129,  2S1 

Sawflies,  114,  115 

Sawmills,  type  of,  6,  7,  85,  424,  427, 

435  ~ 

Sawtimber.  ±22-434,  4S5 
Scars,  fire,  467,  468 
Season,  see  Timing,  intervals  and  sea- 
sons 

Seasoning,  476,  477-479 

Seed 

characteristics,  19,  152 
crops  of  seed 

estimates,  150,  152,  158 

intervals  between,  152 
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Seed,  crops  of  seed — cont'd 

quality,  153,  158 

size,  150,  152,  153,  155 
dissemination,  dispersal,  163-165 
dormancy,  209,  211 
fall,  152,  159 

peak  of,  150,  163 

preparation  for,  164,  167,  168,  170 

season  for,  150,  159 
germination 

capacity  and  energy,  154,  209,  211 

season  of,  171 

tests  of,  210 
interception  by  litter,  171 
losses,  154,  155 
moisture  content,  208 
production,  152 

areas  for,  206 

Coastal  Plain,  153,  160,  161 

cutting  to  stimulate,  159,  161 

Piedmont,  153,  160 
requirements 

per  acre,  155,  159,  160 

per  seedling,  156,  352 
ripening,  150,  206 
source,  202 

See  also  Seed  trees 
storage,  208 

viability,  154,  163,  206,  209,  210 
weight-area  ratios,  164 
windborne,  163,  165 
wings,  207,  208 
years,  152,  153 

yields,  150,  152,  153,  155,  158,  207 
See   also   Cones,    and  Eegeneration, 
artificial 
Seedbeds  in  nursery 

See  Eegeneration,  artificial,  nursery 
practice 
Seedbeds,  natural 

See  Eegeneration,  natural 
also  Seed,  and  Seeding 
and  Sites,  preparation  of 
Seedfall,  152,  153,  155,  158,  159,  165, 
347 

Seeding,  natural 

evaluation  of,  182,  185-187 
marginal  zones  of,  164,  180,  183 
preparatory  cutting,  157 
seedbeds,  352 

seed  trees,  removal  of,  190,  347 
stocking,  milacre,  172 
See  also  Seedfall  and 
.    Cutting  timber,  systems  for 
Seeding,  nursery  or  field 
see  Eegeneration,  artificial 


Seedlings,  as  affected  by 
age,  176,   180,  181 
animals,  118-121 
border  influences,  163,  183 
burning,  see  fire,  effects  on  seedlings 
cover,  crown  canopy,  59,  60 
Cronartium  rusts,  123,  220 
crowding,  tolerance  of,  173 
delay  in  seeding,  156,  161,  163 
diseases,  218,  219 
drought,  58,  65,  141 
flooding,  25,  41,  42 
grubs,  white,  117 
inactive  period,  221 
liberation,  see  Eelease,  seedlings 
light  on  forest  floor 

from  above,  56,  60,  61,  173-175 

from  side,  177 
logging,  84,  85 

marginal  retardation,  173,  179.  180, 

182,  183 
moisture,  174 

openings  in  canopy,  180,  183,  184 

overtopping,  60,  179 

overwood,  59,  177 

composition,    176-178,  182 
density,  60,  176-178,  182 

Pales  weevil,  112 

pests,  see  Insects,  Diseases 

propagation,  214,  244 

roots,  established  trees,  56 

shade  level,  180 

space,  growing,  174 

sprouts,  competing,  63 

stored  food,  63,  64,  174 

suppression,  64,  174 

tip  moths,  109,  112 

vegetation,  see  Competition,  vegetal 

wall,  timber  edge,  180,  183 

weather,  141 
Seed  trees 

age  of  bearing,  153,  160 

fruitfulness,  153,  157,  158 

inflorescence,  148,  157 

operable  cut,  157,  159 

release,  159-161,  162,  163 

removal,  190,  347 

reservation,  158 

selection,  158 

size  of  bearing,  153 
Selection  system 

See   Cutting   timber,   purposes,  and 
systems 

Shade,  tolerance  of,  52,  56,  64 
Sheep,  121 
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Shelterwood,  see  Cutting  timber,  even- 
aged  silvieuture 
Shoot  development,  58 

relation  to  light,  59,  60 

relation  to  temperature,  58,  59 

seasonal,  58 
Shortleaf,  see  pine 
Silviculture,  harvesting  procedure 

See  cutting  timber,  systems  for 
Sites 

adaptability  of  loblolly  pine,  22,  25, 

78 

choice  of  site,  24,  223,  224 
distribution,  regional,  78 
drainage,  42,  44,  55 
erosion,  effect  on  site,  395,  39S,  399, 
400 

evaluation  from 

dominant   heights,  67.  68,  399 

growth  intercepts,  67 

other  species,  67 

soils,  75,  76,  77 
flooded,  25,  41,  42,  394 
hardwood,  26,  48,  167,  395 
imbibitional  water  value,  66,  71,  73, 
76 

indicators  plant,  65 

indices,  34,  38,  42,  73,  74,  75,  360, 

361,  399,  400 
preparation 

for  planting,  226,  227,  309 

for  seeding,  212 
preparation,   mechanized,    165,  167, 

169,  170,  314,  315 
quality  in  relation  to 

growth.  68,  266.  279.  2h 

stocking,  264,  269,  270 

survival,  225 

yield,  270 
revegetation,  396 
roots,  effect  on,  54,  55,  56 
situations,  22,  25,  36,  37,  78,  93 

Coastal  Plain,  71,  72,  73,  76,  77, 
78,  160 

Piedmont,  35,  46,  76,  160,  172,  225 
slope  and  exposure,  34,  35,  77,  172, 
224,  395 

soils,  34,  75,  76,  77,  393-395,  399,  400 
Situations  occupied,  22 
Slash,  see  pine 
Soil 

aeration,  127 

air  space,  33,  404 

builders,  tree,  18-50,  395 

bulk  density,  33 

calcium,  33,  46,  47,  49 


carbon-nitrogen  ratio,  33 
characteristics,  37,  393 
consistence,  76 
drainage,  44 

imperfect,  42,  73 

internal,  36 

poor,  36,  42,  73 

surface,  42,  73 

well  drained,  42 

See  Soil,  water 

Also  Water 
effect  on  succession,  32 
elements,  44-46,  48 
erosion,  167,  392,  395,  396,  397,  398, 

399,  400,  404 
exposure,  166 
fauna,  50 

fertile,  44,  50,  393 

flooded,  25,  41 

grade,  textural,  76 

horizon  A,  38,  54,  74,  100,  394 

horizon  B,  74,  76 

humus,  46,  395 

impermeable,  42 

litter,  46,  48,  49,  394,  395,  402 

loss,  erosion,  393,  395,  404 

moisture,  see  also  water 

absorption,  394 

evaporation  loss,  36 
nitrogen,  33,  47 
nutrients,  45 
organic  matter,  49,  50 
organisms,  50 
peaty,  25,  95 
phosphorus,  44,  47 
plastic,  36 
pocosin-margin,  44 
pore  space,  33,  127,  404 
profile,  76 

reaction,  acid,  45,  46 
series,  69,  70,  71,  72 
subsoils 

imbibitional  water  value,  71.  73 

plasticity,  73 
surface 

depth  of,  36,  399 
swamp,  25,  13 
types 

mor,  duff -mull,  mull,  393 
water 

ground,  42,  43 

holding  capacity,  33 

imbibed,  37,  38,  69 

perched,  37 
wet,  25,  167 
wilting  point,  401 
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•South  Carolina,  8,  9,  10,  26,  28,  34,  47, 
49,  70,  71,  75,  76,  78,  89,  91,  94, 
95,  111,  123,  127,  137,  154,  192, 
197,  198,  223,  230,  232,  253,  300, 
318,  375,  383,  398,  403,  417,  425, 
494,  495 

Southern  pine  beetle,  101,  102,  104 

See  also  insects 
Space  requirements,  268 
Spacing  of  trees  in 

full  stands,  260,  263,  270,  502-503 

plantations,  235,  236,  239,  266,  267, 
268,  271,  272,  273 

See  also  Thinning 
Specific  gravity,  see  Wood 
Squirrels,  122 

Stain  and  decay,  132,  133,  469,  470 
Stand  composition,  50,  66 

mixed  species,  48,  201,  300 
Stand  improvement,  tvpes  of,  300,  301, 
304 

commercial,  see  Thinning,  also  Cut- 
ting timber 

Xoncommercial,  T.S.I.,  299,  300 

protective,  see  Diseases,  Insects,  Fire 
Stand  structure,  345,  356 
Storage  and  handling 

logs  and  lumber,  480 

planting  stock,  221 

seed,  208 
Succession,  forest 

arrest  of,  32-34 

rate,  32,  33 

soils  influence,  32 

stages,  31,  32,  36 

trends,  4,  24,  28,  29,  30 
Survival, 

overtopped  seedlings,  175,  .182,  188 

roots,  hardwood  remnants,  32,  315 

See  also  Mortality 
Taper,  bole,  260,  336,  490,  491 
Temperature,  effect  on 

evaporation  from  soil,  36 

flowers,  150 

foliage,  98 

fungus  growth,  125,  469 
insect  attacks,  106 
natural  limits,  21 
plant  tissue,  97 
radial  growth,  37 
roots,  53,  56 
seedlings,  141 
seeds,  96,  207,  208 
shoots,  58,  59 


southern  pine  beetle,  106 
transpiration,  39 
Tennessee,  9,  10,  34,  111,  127,  201,  203, 

223,  224,  227,  393 
Terraces,  geological,  34 
Texas,  9,  10,  21,  22,  24,  75,  76,  94,  96, 
98,  103,  108,  127,  135,  138,  141, 
142,  146,  149,  153,  169,  191,  203, 
204,  213,  228,  240,  241,  245,  253, 
276,  284,  364,  375,  393,  413,  433, 
434 

"lost  pine"  area,  22,  149,  204 
Thinning,  321 

benefits  from,  322 

commercial,  323 

intensity  of,  323,  325 

policy  for,  322,  323,  326 

products  from,  326 

recommendations,  327,  328,  330-332 

spacing,  trees,  272,  273 
Ties,  railroad,  432 
Timber 

growing  of,  298 

investment  in,  300,  356 

stand  improvement,  299 

supplies,  286 

volumes,  270 

yields,  281,  284,  285,  292 
Timing,  intervals  and  seasons 

burning,  91,  94,  156,  168,  169,  316- 
318 

cutting,  85,  94,  163,  167,  305,  326 
girdling,  303,  304 
planting,  222 

release,  161,  213,  318,  320,  321 

seedbed  preparation,  167,  168 

seed  crops,  152,  153 

sowing  seed,  212 

thinnings,  323,  324 

"T.S.I.,"  303 
Tip  moth,  109-112 
Tolerance 

crowding,  62,  64,  173 

shade,  60,  62,  64,  174 

soil,  22,  225 
Tools,  equipment,  92,  93 

bars,  planting,  230 

brush  cutter,  167,  230,  409 

bulldozers,  170,  315 

disks,  170,  230,  409 

injectors,  herbicide,  311 

machines, 

girdling,  303 
high  lift,  205 
planting,  230,  231 
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Tools,  equipment,  machines — cont'd 
mist  blower,  turbine,  241 
plows,  fire,  93,  170,  230 
saws,  power,  371,  428,  429 
tractors,  85,  170,  230,  371,  372 
tree-climbing,  205 
trucks,  84,  86,  372 
Topography,  37,  78,  100 
Tracers,  isotope,  47 
Tractors 

injuries  from,  84 
track  laying,  93 
wheel  type,  85 
Translocation,  45,  47 
Transpiration,   3S-40,  42 

estimates  of,  39,  41,  400,  402 
evergreen  trees,  39,  40 
deciduous  trees,  38 
12  factors  affecting,  39 
Trees,  individual 

age  by  size  classes,  253 
bark  by  tree  size,  255 
dimensions  by 
age  classes,  252 
champion  trees,  251 
typical  trees,  251,  253 
size  classes,  253 
site  quality,  254 
upper  stem,  255,  490-491 
Trees,  improvement,  genetic,  149,  240 
chromosome  numbers,  244 
disease  resistance,  240 
embryos,  multiple,  244 
hybridization,  240-244 
progeny  tests,  241,  243 
propagation,  vegetative,  244,  245 
Trees,  seed,  see  seed  trees 
Trees,  treatment  of,  301 
aerial,  309 

chemical  killing,    302,   309-311,  312, 
313 

deadening  stumps,  312 
felling  trees,  305 
frilling,  307,   309,   311,  313 
girdling,  302,  304,  311, 
313 

release,  159,  162,  319 
Trucks 

injuries  from,  84 

use  of,  86 
Turkeys,  412 

Turpentine  beetles,  104,  107 
Type  of 

forest,  8,  28 

stand  improvement,  300,  301 
sales  practice,  382,  383 


United  States  Forest  Service 
see  Forest  Survey,  U.  S. 

Uruguay,  223 

Uses,  loblolly  pine  forest 

erosion  control,  395,  397,  400 
grazing  domestic  stock,  404-409 
growing  timber,  6,  8,  9,  11,  23,  24 
integrated  production,  417,  426,  432 
watershed  protection,  399,  401-403 
wildlife  management,  416,  417 

Uses,  loblloly  pine  land 
see  Land  use 

Uses,  loblolly  pine  products,  421,  431 
block  flooring,  432 
boards,  particle,  433 
cellulose  and  fiber,  5,  435 
chips,  pulpwood,  433,  434,  435 
containers,  veneer  and  paper,  432, 
434 

cooperage,  434 
derivatives,  misc.,  435-437 
fuelwood,  431 

lumber,  422,  424,  425,  427 
mulch,  needle,  438 
ties,  railroad,  432 

timbers,   (mine  and  laminated)  432, 
433 

poles,  429-431,  432,  492,  500 
posts,  227,  326 

pulp,  256,  326,  426,  427,  428,  429 
Utilization,   limits   of,    363,   426,  427, 

495 

Vegetative  competition,  See  Competi- 
tion, vegetal 

Virginia,  6,  9,  10,  20,  22,  28,  47,  70,  71, 
75,  78,  86,  111,  136,  152,  156, 
158,  172,  198,  223,  251,  284.  467, 
500,  501 

Volume 

cut,  regulation  of,  307,  354,  356 

increment,  see  Growth 

logs,    tables    for,    424,    425,  427, 

435,  490-491 
trees,  tables  for,  494-501 
Washington,  223 

Waste,  residue,  refuse,  433,  434,  435 
Water 

absorption,  393,  394 

flood,  25,  41,  394 

infiltration,  402 

irrigation,  216 

ground,  42,  43 

penetration,  399,  401,  402 

percolation,  402,  404 

precipitation,   36,  37 
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Water, — cont  'd 

run-off,  394,  399,  401,  403 

seepage,  deep,  402 

table,  22,  43,  44,  223,  402 

8t  £  also,  moisture 
Weeding,  using  fire,  169 
Weights,  pulpwood  trees,  500,  501 
White  grubs,  117 
Wind 

damage  from,  134-136 

effect  on  fire,  95 
Wings,  seed,  removal  of,  207.  205 
Wisconsin,  433 
Wood 

characteristics,  438,  439,  441 
composition,  444,  445 
compression  wood,  447,  4-54,  455 
decay  in  round  wood,  469,  470 
defects,  minor,  469 
density  rule,  421,  456 
drying 

air  seasoning.  477 

kiln  drying,  478 

vapor  drying,  479 
fiber  saturation  point,  452 
fibers,  wood  cells,  441,  443.  445,  447. 
457 

fibril  angles,  442,  443,  466 
grading,  defects,  log  and  tree,  466- 

468,  472,  473,  474,  475,  475 
heartwood,  439,  440,  445 
identification,  species,  438 
paint  retention,  485 
permeability,  infected  wood,  470,  485 
preservation,  12 

choice  of  treatment,  117,  118,  480- 
482 


double  diffusion,  4<3 

nonpressure,  483,  484 

plants  for,  12 

pressure  processes,  481 
properties  related  to  strength,  452 

density,  455-457,  458,  459,  460,  461 

moisture  content,  463-465,  466 

nail  holding,  467 

working  stresses,  466 
pulping  properties 

composition,  wood,  444,  445 
shrinkage,  452,  453,  454 
springwood,  441,  446,  447,  448,  455 
storage  and  handling,  470,  480 
stresses,  working,  466 
summerwood,  441,  445,  447,  448 
thermal  conductivity,  466 
toughness,  463 
treatments 

antistain,  470 

distinguishing   species,  438 
fireproof  ing,  455 
hydrolysis,  acid,  435 
painting,  455 

preserving,  see  Preservation 
types  and  variation,  439 
Woodlands,  small,  282,  283,  359,  361, 
382 

Wounds  and  decay  in  trees,  467.  468, 
469 

Yield 

cellulose,  5 
forage,  407,  408 
intermediate,  timber,  321-326 
pulp,  429,  433,  447,  450 
sustained,  timber,  198,  270,  278.  281, 
355,  386 

total,  timber,  254,  285,  292,  502-503 


Loblolly  pine:  its  use,  ecolog  sci 
99.431  W137IC.2 
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